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i An INTERACTIVE PROGRAMMING 
LANGUAGE for CONTROL of ROBOTS 

by Lichen Wang 


Dear Jim: Received: 77-Oct-19 

Here are the " Robot Control Language” write up and program 
listings that I told you about. I also included a program written in this 
language by Gordon French and some comments by Gregory Yob. 
[NOTE: Greg's comments appear at the end of this documentation—TW] 
Greg calls the language TINMAN; while I did not call it any name. If 

everything has to have an acronym , I would rather call it WSFN (Which 
Stands For Nothing). 

I also have a version of this language written in Control Basic (as 
opposed to Assembler Language as included). 

Lichen Wang 
150 Tennyson Ave 
Palo Alto, CA 94301 
(415) 321-6983 


Introduction 

This is a simple-minded “Tiny” language. The basic idea is 
to use an ASCII keyboard as the command input device for 
a microprocessor controlled robot. Rudimentary commands 
consisting of a single ASCII character are executed by the 
robot as soon as they are typed. Some primitive forms of 
IlFrTHEN-ELSE, REPEAT-n-TIMES, and run-time-macro are 
included. Paired parentheses are used to group any number of 
commands into a single command and enable one to construct 
complex structures. The run-time-macro is probably the most 
important feature that makes a simple language such as this 
one powerful and easy to use. 

This language is open-ended and is not limited to any speci- 
fic robot. To illustrate this point, a version of this language is 
implemented on an 8080-based microprocessor to control a 
robot who has a “mind” but no “body”. Later in this article, 
two different “bodies” are attached to the robot’s “mind’ as 
examples. Revisions and implementations on other micropro- 
cessors can be made if there are such interests. 


The Mind 

In this implementation, one uses the VDM-1 interface and a 
video display to represent the robot’s mind — so that one can 
always read what is in the robot s mind. Other hardware 
required arer an ASCII keyboard with interface, and an 8080 
based microprocessor system with 8K of RAM at 0000-1 FFF. 
The major part of the memory is used for the stack. The 
assembler listing and object code of the program are included 
following this article. 

The robot’s mind consists of an input line buffer of 58 
characters long, 15 lines of macro definition space (also of 
58 characters each) and a 4-decimal-digit accumulator. When 
one starts the program, the entire screen of the video display 
is cleared, the characters “A=0000” are displayed at the top 
tfight comer, and a cursor is shown at the top left corner 
li.e., the beginning of the input line buffer). Whenever the 
cursor shows in the input line buffer, it means the robot is not 
doing anything but waiting for input from the keyboard. 
When the cursor disappears, the robot is executing a command. 


But even then, if one types on the keyboard, the robot will 
stop whatever it was doing and obey the new command. 

There are three rudimentary commands for this bodyless 
robot. More will be added when a body exists. 

K (space, blank) No operation 

+ Increment the accumulator 

— Decrement the accumulator 

The no-op command is sometimes needed in IF-THEN-ELSE 
commands discussed later. When one types the character “+” 
or it replaces the cursor on the screen, the accumulator 
is changed accordingly, the “+” or is erased, and then the 
cursor reappears. (But all these happen in a flash.) Attempts 
to increment beyond 9999 or decrement below 0000 will not 
change the content of the accumulator. 

If one types the sequence of characters “(++—+)”, the 
accumulator will be changed after the “)” character is typed, 
and not while the individual “+” and “-” are typed The 
sequence stored and displayed on the input line buffer as 
entered, and the cursor is moved to the right at the same pace. 
If a RUB-OUT (or DEL) character is typed before the closing 
“)” is typed, the input buffer is erased and the partial com- 
mand is not executed at all. _ „ , 

The bodyless robot has two IF-THEN-ELSE commands. 
One of them tests the accumulator. The other is a random 

decision maker: 


T [then command] [else commandl Test if A>0 
O C nl,nJ felse command Randomly choose one 


ie 


The microprocessor interface consists of one parallel input 
port and one parallel output port. One bit of the input port is 
connected to a flip-flop which in turn can be set by touching 
the micro-switch on the robot. Two other bits of the input 
port tell the micro-processor whether the stepping motors are 
ready to be pulsed. Five bits of the output port are used; one 
of them used to reset the sensor flip-flop, and two bits each — 
direction and step, for the stepping motors. Other bits of the 
input/output ports are for further expansion. 

To control the body of this robot, one adds the following 
command to what was discussed in the previous section: 

F Move forward one step 
B Move backward one step 
R Rotate right one unit angle 
L Rotate left one unit angle 

S [then command] [else command] Test & reset the 
sensor 


The “unit angle” is the smallest angle the robot can rotate. 
It is determined by the step size and the distance between the 
two driven wheels. The “S” command is an IF-THEN-ELSE 
command similar to the “T” and “?” commands discussed in 
the last section. The assembler listing and the object code of 
the modifications needed to implement these new commands 
are presented below. 


Another Body 

Another robot of a sort can be even easier to construct - 
if the micro-system has a DAZZLER. One uses software to 
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control an imaginary turtle on another video display connected 
to the DAZZLER. The black & white mode is used to get a 
128 x 128 grid. The new commands added are: 

F Move forward one grid cell 
Rotate 45 degrees right 
Go home (i.e., the center of screen) 

Face North (i.e., up) 

Leave white trace 
Leave black trace 
^ Clear screen 

Note that the “B” command here is in conflict with the one 
in Section III. But since the robot has only one of these two 
alternative bodies, this does not cause any problem, the L 
clears the screen to all black. If “B” is in effect, C clears the 
screen to all white. When one marches the turtle off the /, 
boundary, it will re-enter the boundary on the opposite side ; 
of the screen. The assembler listing and the object code of they j 
modifications needed to implement these new commandsjuy 

presented b elow. 


'R 

H 

N 

W 

B 

C 


known “Turtle”. Its moving parts consist of two stepping 
motors driving two independent wheels plus an idler wheel 
to keep its balance. A micro-switch attached to a bumper 
serving as its sensor and other “bells and whistles can be 
added on later. The two driven wheels are arranged like the 
wheels on a barrow cart, and not like a bicycle. When both 
stepping motors are driven forward or backward, so is the 
robot. But when the motors are driven in opposite direc- 
tions, the robot rotates. 



LvUX/ w vy g — 

IFTHEN-ELSE 


/All II “ 1 — ~ T p 

The leading character, such as “T” or “? ’ specifies the IF j 
condition, [then command] is the command to be executed 
by the robot when the IF condition is met, and [else com- j 
mand]. Thus: “??(casel) (case 2)7 (case 3) (case 4) has the j 
same effect as: “?(?(case 1) (case 2)) (?(case 3) (case 4)) and . 
will both cause the robot to randomly choose to execute one 

of the four cases. 

The bodyless robot has two REPEAT-n-TIMES commands. 
One repeats a fixed number of times as specified and the 
other uses the current value of the accumulator as the repeat , 

count. . 

324 [command] repeats the [command] 324 times 

A [command] repeats the [command] A number of times. 

For example, t4 A — ” will zero the accumulator, and A+ 

double the’content of the accumulator. More complex 

lBKtuence can be constructed using parentheses, e.g., 

|34 (6+12(+— +)A+). l r . + . 

Last, and by no means the least, is the macro definition 

command. It is used to define any character, which is not 
j one of the basic commands, to be the equivalent of a simple 
1 or complex command. 

D [ch] [command] Defme [ch] to be [command] 

For example, “A-” clears the accumulator, one can type * 
“DZA-” and from there on simply type “Z” to clear the 
accumulator. One can also have “DX(Z34(6+12(+— +)A+)) 
for whatever purpose. 

When one types in the definition, the sequence ot char- s 
acters are entered into the input buffer, and the cursor is 

- . « IV M il 1 _ _ t_ /A rYT nine 




acieis die —r — j 

moved to the right. When the last character (which completes 
the definition) is typed, the robot will search its mind to find 
if an old macro definition of that same character exists. In 
case an old definition exists, it will be marked to be deleted 
later The robot then searches its mind again to find an empty 
line and copies the definition there. The examples above will 
be shown as “Z=A-” and “X=(Z34(6+12(+- +A+)) , 
respectively . 

If one attempts to defme a character which already has^a 

meaning in this language, such as p , + , - > 1 > • • 

“A” “D” or any digit, the robot will erase the input butter 

id ’wffl no? do anything else. The RUB OUT (or DEL) key 
can also be used to abort the definition wrthout darnagng the 
nlft definition if anv To erase an old macro definition without 
il“„« types ‘-D[ch] )<". This is consistent 
with the convention that any undefined character is also a 
-op. 


\ 

\ 


Programming Examples 

The following are a few examples of programs written in 
this language. These examples are heavily biased toward 
graphics and recursive macro definitions. This should not be 
interpreted as representing the strength or limitation of this 
language. One reason for using graphic examples is that the 
action of a mechanical robot such as the one described in 
Section III is more difficult to represent here than the graphics. 
Another reason is that this language has not been tested on a 
mechanical robot yet. 

There are very few programming languages that allow 
recursive definitions, and many hobbyists think recursive 
routines are difficult to understand. There are many indica- 
tions that the language in which one learns to express one s 
ideas profoundly influences one’s process of thinking. It can 
be shown that recursion is really not any more difficult to 
understand than iteration. 

4 

Example 1: A walking measuring tape 

Using the robot described above, one can define the 

macros: 

DM (Sb(FM)B+) . 

DZ (A— Sbb9999R) f L 

Now if one types the character “Z”, the robot will clear its 

accumulator, reset its sensor, and start to rotate. When the 
robot is facing the direction that one wants to measure, one 
types the character “M” and the robot will stop rotating and 
start to execute the macro “M”. This process will repeat until 
the robot finally touches something, it will go back one step, 
increment the accumulator, and return from the current 
level of macro “M”. Since the macro “M” has been nested, 
the robot will step back and increment accumulator as many 
times as it had stepped forward. This means the robot will 
find its way back to where it started from, and the accumulator 
will show the distance to the obstacle in units of the robot s 

step size. 




The Body 

One can construct a very simple robot similar to the wety 


Example 2: Windmill 

Using the robot described earlier, one can defme macros 
to draw all kinds of windmills: 

DX (CA-8(HN ARP+)) 

DP ( ) 

Where “P” is a macro defined by the user to draw some 
curve. “P” should use only the “F”, “R”, and fixed number 
repeat commands and paired parentheses. °P e 

defines “P”, one can type “X” to draw the windmill. The 
robot will first clear the screen, zero the accumulator and 
then repeat 8 times drawing the pattern “P , each time star - 
ing at the home position but facing a different direction. The 
accumulator will be incremented each time after P is drawn, 
and will be used to determine the direction of the next iteratioi . 

Example 3: Dragon curve 

The dragon curve is a family of very interesting curves. 
Figure 1A shows the 3rd order dragon curve and Fib IB 
shows the 8th order one. These curves can be constructed by 
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folding a strip of paper. One keeps doubling the strip and 
folds it into half the current length for n times — n being the 
order of the curve. One then opens all creases (there are 
2**n— 1 of them) to 90 degrees each, and a dragon curve is 
ormed. The robot of Section IV can also draw these curves - 
jp to the 12th order due to the 128 x 128 resolution. One 

iefines: 


DLT (-L6RJ+) G 
DJT (-L2RJ+) G 
DG4F 

DQ (HN6R30FCF4RARL) 

After these are defined, one sets the accumulator to the 
desired order (0 through 8) and types the character Q . 
Recall that one can zero the accumulator by typing A— , 
and that one can then set the accumulator to n by typing 
“n+” The macro “G” defines the segment size of the dragon. 
One can redefine “G” to be a smaller number of “F”^ so that 
higher order dragons can fit the screen. With DOF , up to 
the 12th order dragon can be drawn. 



Figure 1. Dragon curve of (A) order 3, and (B) order 8. 


The dragon curve is defined by the macro L , while 
macro “J” defines the reversed dragon curve. When folding 
the paper strip, one may observe the fact that the nth order 
dragon consists of a (n-l)th order dragon, a 90 degree fold, 
and another (n-l)th order dragon in reverse. The definition 
of “L” and “J” then becomes obvious when one adds the 
fact that the 0th order dragon is a plain strip of paper which is 
defined as “G”. The macro “Q” is used to pick a starting 
position, clear the screen and pick a starting direction. 


2 

ample 4: Sierpinski curve 

Sierpinski curve of order 1 and 3 are shown in Fig. ,A 
d 2B respectively. Like Example 3, one may define: 

DIT (— I2FI5RG5RI2FI+) 2R 
DG4F 

DY (HN63F2R61FRC4 (2FI)) 

'ter these are defined, one sets the accumulator to the 
sired order and types “Y” to draw the curve. A S<*n> 
J” can be redefined to a smaller number of F,s to draw 
gher order “Y”s. For “DGOF”, the accumulator can be 


set to 5. . c 

The Sierpinski curve is closed and consists ot rour 

identical sides arranged in different directions and connect- 
ed by a short line “2F”. The sides are defined (recursively 
again) in the macro “I”, and the closed curve itself is defined 
in the last part of the macro “Y”, namely: “4(2FI)”. 


Footnotes: 

1. See Scientific American April 1967 pages 116-123. 

2. See Scientific American December 1976 pages 124-133 



Figure 2. 


Sierpinski curve of (A) order 1, and (B) order 3 


2 

Example 5: Hilbert curve 

Hilbert curve of 1st and 5th order are shown in Fig. 3 A and 
3B respectively. The macro definitions are presented without 

further explanation: 

DUT (— VG6RU2RGUG6RV+) 6R 
DVT (— U2RGVG6RV2RGU+) 2R 
DG4F 

D$ (HN63F2R63FC2RU) 



A 


B 


Figure 3. HilDert curve of (A) order 1, and (U) order 5. 


Discussion 

In Section II, only a very limited number of basic com- 
mands, a total of 8, are included and yet it has been demon- 
strated that quite complicated tasks can be accomplished by 
this simple language. In practice, one would put in more 
basic commands to make the language even easier to use. One 
would also want to include more facilities, e.g., variables or a 
stack for the accumulator, etc. As is evident when one glances 
through the program listings which follow, these additions 

can be easily made. 
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One question that may arise is the limited number of 
characters in the ASCII code. If the keyboard is equipped 

« i SHIFT and CNTRL keys, there are 128 different 
acters; and if the parity bit is not used and can be 
rolled from the keyboard, there are 256 different codes. 
One can further expand this by defining a few characters to 
be special escape characters. When the character table lookup 
routine encounters one of these escape characters, it wil get 

the next character and scan a different table. 

As the title of this article implies, the scope currently is 
limited to “interactive control”; there is no provision for 
artificial intelligence. Another limitation of this language in 
its current state is that there is no way to handle concurrent 
actions and real time interrupts from the robot. The author 
looks forward to feedbacks from the readers. He especially 
welcomes ideas which would enlarge the scope of the language 
as opposed to what specific command should be included or 

The author wishes to thank Harvey A. Cohen and Marvin 
R. Winzenread for many interesting discussions and their 
pioneer works and publications in related topics that led to 
the development of this language. 


□ □□□ 


SOME SUPPLEMENTARY OBSERVATIONS 
FROM GREG YOB 

To Lichen Wang . __ 1Q 

Re Tiny Robot Language (TINMAN) Receded :77-Oct-1 9 

Your design is hard to beat for conciseness. I found it a bit diffi- 
cult to follow the examples, but that would be clearer with a live 
machine in front of me. All in all, a very clear and clean approach. 

^d^Vly first thoughts were mostly cosmetic in nature, ie, I prefer to be 
to give multicharacter names, and locating the various tests 
embedded in a command string was sometimes confusing. Of course, 
tests can have parentheses appropriately located to mark them, and 
multicharacter command names or macro names could be done with 
a delimiter convention, ie 
•TURTLE* 

Tests could be either: 

•TEST* (first) (second) 

° r T! (first) (second)! note that (xxx) stands for whatever goes there.. 

As I said, these are cosmetic in nature ... 

In pondering the addition of bodies, I noted that the commands for 
the bodies outnumbered those for the mind. Since the macro facility is 
essential to the language, why not use it to implement each body rather 
than have each body eat up more characters in the ASCII set . . . The 
beginnings of such an approach would look like this (bear in mind 
have not run it all the way through to be consistent with other aspects 
of TINMAN). Two new commands should take care of it: 

I - Input from robot & place value in Accumulator 
O (number or A) Output value to Robot 
Of course, a stack gets pretty important, so some kind of push & pop 
commands may help out as well . . . Bear in mind I am not just adding 
some more commands, I am using these to remove all commands that 

ultimately are input and output commands. 

With I, O, push & pop, then the other commands for a body may be 
written as macros. While we are at it, it might be neat to "store" screen- 
fuls of macros in other sections of memory or on an external device, so 
that those used for a body would not clutter the VDM display. 

A hint of an idea towards interactive & real-time uses would be to 
have the robot's input actually be a macro call. That is, the value 
returned by the robot would be a defined macro which is then execu- 
ted. This would either be an interrupt (god forbid!!) or a polling kind 
^^thing where after each operation, the inputs are polled, and if one 
^Bds treatment, the state of the language processor is stacked, and the 
^^^uired macro is called. A suitable form might look like. 

P (robot #) (macro or command) Poll robot and do command 

or ^ if ready, command can then 

input whatever value from 
robot, etc. 
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Of course, if robots appear, so must numbers for 1 and O. 

Two methods may be used, one is to have the polling after input of 
a command from the keyboard, and the other is to have it at intervals 
within the program, say after each 20 executions of a mind primitive 
routine from the commands dispatcher, and after each 1000 passes 

through the keyboard input wait loop. 

A naggy detail is that a robot may want some attention from the 
keyboard. This could be done, and would allow keyboard input during 
a run of a command by a slightly different version of 1 and O. 

I - Input number from keyboard & put in accumulator 
I number or A Input from Robot number FOO (The keyboard is 

Robot O) 

O value or A Write value on VDM in commands input buffer spot 

or, preferably, bottom line 

0 value or A (blank) value or A Write first argument to Robot 

indicated by second argu- 
ment. 

This gets me into more tangles than I started with. However, l offer 
these as suggestions towards some of the problems you mentioned in 

your document. . . 

1 am of course interested in getting Source & Object for playing 

with. Meanwhile, thanks for an interesting afternoon of thought. . . 

Gregory Yob 
PO Box 354 
Palo Alto, CA 94301 
(415) 326-4039) 


* 

■k 

-k 

■k 

■k 

* 

-k 

-k 

■k 

■k 

* 

■k 

* 

•k 

•k 

■k 

■k 

s ■* 

a * 

z * 

►H * 

s * 

■k 

co * 

DC * 

E-* * 

= -K 

•K 

Du -k 

o * 

-k 

o * 

z * 

►— « * 

E-t * 

CO * 

hH * 

1-1 * 

■k 

X -k 

CO 

CO 

5 : 

DO 

CO 

CO 

< 


CP 

c 


xz 

4J 

o 

52 

u 

O 

Z Du 

Cl, CO 
TJ 
CO C 
0 
Z 

CO 

xz 

V 

•rH 

XZ 

2c 


* * * 


0 

* 

* 

CP 

* 

0 

* 

D 

■K 

cn r"~ 

•K 

C r~~ 

* 

0 CP 

* 

t-3 CO r— 1 

* 

4-> 

* 

Ql O D 

■k 

C JD 0 

•K 

•H O -Q 

* 

E X E CP 

* 

E 0 C 

* 

(5^00 

•* 

U O Ou 3 : 

■K 

CP 0 


OH W C 

* 

Vu O 0 

•K 

CL, wj - XZ 

-K 

J H O 

-K 

0 C • *H 


> O S3 


•H CJ 

•K 

4J C > 1 

-k 

U U O CQ 

•k 

0 O **”l 

■k 

u<w (0 

-k 

0 u 

-k 

4J 0 

■k 

c > 

■k 

KH 

■k 

C 

■k 

■k 

< 

-k 

* * * * 

■k 

■k 

■k -k 


a • 

> T3 

i~l 

0 0 
O 

Du >, 

Cu 0 
Du 
rH 

I M 
S3 I— I 
S3 CJ 
S3 CO 
Si < 

-U c 

0 03 

Z TO 

C 33 

X 0 S3 

S3 

MH - 
O Cu S3 

Cl, 02 

X Du 
OO CJ 

I o 

00 X 

>0 o 

0 CJ 
XZ CJ • 

0 4-> 

0 

* * * * 



• 


u 

E 

03 rH 

0 

0 

a 1 

4-> 

u 

Z T. 

CO 

CP 

x 0 


O 

> 

4-1 

U 

u 

0 

O. 

O Tj 

rH 


V4— 1 Vu 


a 

0 

4-J 

D 

CO T3 



T3 C 

c 

4J 

0 0 

0 

0 

0 4-> 

Q 

0 

CO CO 

■k 

■k 

■k -k 


X 

LO CO 33 
+ CJ CO X 
Eh Z Cl, O 33 
CO < Ct, < CO 
< Q rH Eh CJ 
o | CU/1C2 


D D D J □ 
OOOOO 

CO CO CO CO CO 

X E-I- 
DJ S X 

O J u Q 

Z Z < CO 2 : 

< E-* E-t CO Q 

a co co co > 


4J 

• h -rH • 

u JX1 J 

-TD U Vu 
'D O >iO 

0 OuTD a, 
0 

c3 CO 0 0 
a u j-> 
J -P 0 
U 0 > 1 TD 

o 4J 0 
a, co 

•k -k * -k 


DC 

S3 

S3 DC DC DC 

CJ S3 CSl H 
CJ Q 0 S3 
S3 S3 S3 S3 


D D D □ 
OOOO 
/CO CO CO w 

Z < > £"• 
co Eh < < 

CO CO Q Q 

X >H >H 

CJ LO co CO 
X X X * 


Q CO CO CO OO S3 S3 S3 rH 

(^^CuCuCJ'S' 3 ®' 3 
(N Q Cl, Cl s U ® Q ® 

S3DuHHS»CJ<SaS3S3 


S3 

S3 

S3 

S3 


ics & Orthodontia, Box E, Menlo Park, CA 94025 


Page 1 1 


V-l 
0 
-p 
O 
0 
u 

0 TJ 
JO *P P 


0 

JZ 

4-1 


o- 

10 

0 a» 

> x: 

0 CO 
JO -H 


< > Eh 
I ^ < U 
CJ co Q cj 
B-i » >h X 

M U U H 

o ^ ^ Q 


a, a 


P 

O 

o 


0 

> 

V-l 

0 

10 

0 


tO 

0 

> 

u 

a> "O 
co 0 
<d > 







TJ 


0 




CP 




C 


V-l • 

X 

V-l 


03 


<D 

V-i 

03 

CD 

O 

X 

0 


rH 

T3 

X 

(D 

E 

CD 

E U 


to 


X 

CD 

P 

10 

E 

to 

03 

0 

33 

X 


> 

O 

33 

O 


to x 

V-l 


03 

CM 

V-l 

<D 


O T3 

to 

to 

X o 

O 


JO 

cj 


cj vJ 

X 

o 

■P 


( 1 ) 

v_i JO 
0 -P 
-P 


JO 

-P 


- 

c CO 

a; 


X 0 
O) 4-J 

p 


a> 

nc3 c 
<D -P 


- 0 

H 0 -P v-i 
0 0 0 


CJ 

T3 

0 

V-l 

0 

V-i 

V-i 

V-l 

o 

to 

V-l 

X 

CJ 

C 

X 

C 

r-H 

X 

0 

rH 



0 

‘T3 


— 

0 

• rH 

0 

■ rH 


X 

X 

to 

-C 

X 

V-l 

X 

to 


•rH 

X 

c 

CJ 

X 

no 

X 

X 

0 

P 

0 

X 

0 

O 

o 

0 

O 


O 

o 

X 

0 

C 

0 

p 

CJ 

X 

E 

o 

Eh 

X 

z 


CJ 

X 

z 

Q 

X 

X 

X 

Q 

X 

He 

He 

He 

He 

He 

He 

He 

He 

He 

He 

He 

HC 

He 

He 

He 

He 

He 


X 


> 

os 

cn 

x 

X 


X XX 

X H CSS CO x 

< z x 2: x c 

CJ H < o cu CJ 


a 

s a 

CJ z 

X CJ 


X 

*■* r-H 

<C cj < 


> 

o 


X 

CSS ft X 
Z « h 
p) O X 


< X 


Eh < CU 
u kon 
x o X X 


X 

x 

x 

04 


Q 

z 

HH CM 

X CJ 

X 

X «S3 
< Z 
CJ X 


CD 


X 

10 

CD 

V-l 


to 

X 


c 

o 

• rH 

X 

•rH 

C 


X r O 
ra <D 


a 

o 


JZ 

X 


c o 


• u 

V-l >1 CO 
CD CU v-i 
X O 


E 

o 

p 


CD 

-X 

0 

E CO 


X 


o cj 

03 


03 X 
JZ 

U X 


O 

X 

CD 

v-i 


a, 

o 

u 


eh 

z 

x 

X 
X 
X X 

X 

X x 
X X 
CU X 


X 

£ 

CP 

Z -rH 

C 0 03 

V-i 0 

P 0 



o 

V-l 

** -rH X 

0 -O 

0 0 

CU JZ 

o 

X 

O 

O 

X O 0 

u c to 

-C 0 -C 

c ^ 

c 

•rH 

V-l 

X 

O CU no 

X X -H 

CJ x 

•rH 


He 

He 

He 

H H H( 

He He He 

0 

o 







0 £ X 

CD X 

css 






0 


H 






tO >i CP 

to 

X 






X rH 

- X 

Q 






0XO 

Q C 



cu 


Q 

< 

Q 


Eh 

CJ 

X 

X X 

- x 

< < Q 


O S Z 
Z O X 


CP 03 
C 


Q 

Z 

CJ 


* 

He 

He 


CD 

c 


o 

x 


X X 


X 
CD X 
V-l 

CD 


X X 


X Cu JO ••H 


X 

X 

X 

X 

X 


X 

p 

O 

£ 







CJ 

o 



X 




X 



Eh 

V-l 

r O 

o 

p 

X 

X 

X 

X 

X 

Eh 

X 

JD 

C 

X 

X 

o 

z 

z 

<c 

o 

X 

CJ 

P 

0 

to 


X 

l-l 

X 

CJ 

X 

X 


to 




He 

He 

He 


CJ 


CM 

CJ 


to • 

x cn 
JZ CD 

Eh p 


X 
C E 
p O 
O p 
Cu x 


He He -K He He He 


•P X 
O *H 

a 

x 

P 


*3 



(S 






X 


2 

] 






X 

fv. 

O 







p 

V-l 

rH 

0 




00 


-O 

0 

X 

X 

V-l 

•S r ' 

1 

0- 

>i 0 

V-i 

0 


o 

X 

0 

n- x £ 


E 

Vj n 

o 

V-l 

X 

P 

> 

>i o 


O 

O -'H 

X 

O 


X 

O 

a *sz 


V-l 

E x 


E 

V-l 



O >i to 


X 

0 E 

0 

0 

0 

X 

V-l 

CJ cu 

V-l 


E O 


E 

X 

o 

0 

o - 

O 

0 

no 



c 


X 

0 CJ >i 

i co 

V-l 

E C 

E 

E 

•rH 

t3 

X 

-X cu 

1 v-l 

0 

O 0 

O 

O 

o 

C 

p 

0 o o 

p 

JZ 

v-i X 

V-l 

V-l 

cu 

X 

X 

Z Z CJ 

(J 


X " 

X 

X 

He 

He 

HC 

He He He 

He 

He 

He He 

He 

He 


X 

v CO P- 


EH 

CJ 

X 

X 




< 

VO 

up 

a 

• 

• 





no 

>i 

> 

M 

X 

CJ 

V-l 

a 

o 

Z 

X 

z 

0 

o 

z 

< 

CJ 


O 

CJ • 





X 

0 





>1 

0 X 

X 




0 

JZ 0 

CJ 




X 

X £ 

Eh 






X 




He 

He He 

He CJ 






X 




< 

> 


EH 





X 




Eh 

< 


< 





Q 



X 

X 

a 


a 





<Zj 

X 


Q 

>H 



>H 

< 


r-^ 

„ » 

rH 



ro 

Z 

X 

X 

CM 

X 


M* 

•*» 

CJ 

< a 

A 

L 

CJ 

X 

X 

X 

CJ 


CJ 

CJ 

CJ 


O X 


X 

IP < > 

tSJ > EH o 
c w c 


o 


CS3 

z 

X 


X 

X 

< z 

CJ XI 


o 


CM 

CJ 


M > CU > 

z « z o j: o 

< ^ h £ n r. 


ro 

CJ 


Q 



S3 


S3 


S3 








S3 

S3 


Q 




CSS 




S3 



O 



S3 


S3 


S3 








S3 

S3 


X 




S3 




S3 



r"H 

S3 

SS 

^r 


vO 


UP 








X 

X 


ro 




■M* 




CSS 



X 

Q 

Q 

rn 

X 

VO 

CM 

CM 

UP 

CJ 

Q 

CO 

VO 

CM 

r- 

CP 

CT\ 

r- 

rH 

CO 

LCl 

< 

Q 

r- 

CM 

up 

vo 

rH 

CP 

CJ 

r- 

CM 

<c 

H 

co 

CP 

UP 

Q 

r — 1 

<T* 

V-H 

CJ 

Q 

X 

CJ 

X 

CJ 

r- 

CJ 

X 

CJ 

CJ 

X 

X 

CJ 

X 

CJ 

CJ 

X 

CM 

CO 

c- 

X 

X 

X 

CM 

CM 

CJ 

X 

CJ 

tss 

lo 

X 

LO 

UP 

UP 

UP 

< 

UP 

X 

UP 

X 

UP 

X 

UP 

CM 

VO 

ro 

VO 

■M* 

VO 

UP 

VO 

vo 

VO 

l~" 

VO 

CO 

VO 

CT, 

VO 

CJ 

vo 

X 

VO 

S3 

ro 

•<r 

r~ 

up 

r- 

vo 

CP 

r- 

<C 

C" 

X 

r- 

CJ 

r- 

X 

r- 

S3 

X 

o 

cs 

css 

CS 

O 

S3 

css 

CSS 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

CSS 

S3 

S3 

css 

S3 

S3 

S3 

S3 

S3 

CSS 

S3 

css 

ca 

CS2 

S3 

GS 

S3 

S3 

Q 

S3 

S3 

S3 

S3 

S3 

CSS 

S3 

CSS 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

ss 

S3 

CSS 

<S3 

S3 

S3 

S3 

S3 





S3 


S3 





S3 

rH 



css 



S3 





CSS 


S3 





S3 

S3 



S3 



S3 



X 

cn 

■M* 


S3 

X 




X 

X 

S3 

S3 

X 

rH 


r- 



X 

X 

X 


CP 





< 

-er 

S3 

X 

<n 

S3 


< 


X 

X 

X 

X 

X 

< 

X 

X 

CJ 

X 

X 

a 

X 

X 

< 

X 

X 

X 

.J 

r- 

X 

X 

Q 

X 

CJ 

X 

rH 

r" 

X 

CJ 

a 

Q 

X 

CJ 

Q 

■ey 

CJ 

vr 

rH 

CM 


X 

cn 

< 

a 

X 

S3 

1 — 1 

X 

X 

X 

< 

CJ 

X 

< — I 

X 

X 

X 

X 

X 

X 

X 

CO 

X 

X 

cn 

<T\ 

cn 

cn 

cn 

cn 

cn 

cn 

< 

< 

< 

S3 

css 

S3 

S3 

ss 

css 

ss 

a 

S3 

css 

S3 

S3 

S3 

css 

S3 

S3 

S3 

S3 

ss 

S3 

css 

CSS 

css 

ss 

css 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 



-P 





X 



- 


Q 0 



css 


Z JZ JZ 



S3 


(HD C W 



S3 


0 0 



S3 


cn 0 £ 



II 


C N - 


X 

< 


•rl -H J C 


X 

- 


no -P O *«h 


X 


He 

0 CU JP 0 


\ 

-p 

He 

0 0 O P 


- — . 

p 

He 

X X p JQ 


■M* 

X 


He He He He 


X 

He 

cn 



S3 


c 



r— 1 


•H 



+ 


c 

X 


z 


c 

+ 

z 

X 


•H 

Q 

X 

X 


cn 

X 

X 

X 

- 

0 

X 

X 

CJ - 

II 

JQ 

X Eh 

CJ 

X 

< 


- I-H Z 

X 

— — 

— 

0 

X Z Q 

w 


rH - 

JZ 

X M < > 

X 

H 

w 

V 

X l-H X 


X 

X 

C hX<EhhhXCC«h 

m x<0!3X>>2SZX 

xcjxoxszxcji-dX 

He 

He 

He 








* 0 0 




• 




C JC JZ 



1 ( 

^ ^ 




•rl D D 



1 

U 






to 

CU 0 



0 

X to X 


c 

o 

c 



CO 

•rH -rH QJ 


• rH 

-p 

U 



V-i 10 

r— 1 


s 


o 



0 'O 

to jC 


» — 

0 

u 



0 0 

X u c 


to 

.c 




rH 0 

P -P 0 


•rH 

-p 

4-1 



O p 

CUD JZ 


x: 


JZ 




? X 


c 

0 

cn 

•rH 



4-) *- 

0 r-. 

s 

to no 

• 

to 

•H 


V_| 



jz in 

v-i v-i C 

c 

He 

He 

He 



-P c 

0 0 0 

0 






o 

O x 

E 






CU -rH 

jQ U-I - 

E 






o x 

>. p — 

O 

X 


CSS 

X 


o *H 

0 X z 

O 

X 


X 

X 


rH C 

-V Q 


+ 


-f 

+ 


• rH 

X > 

0 

z 

— 

4—* 

z 

He 

c x 

0 3 

JZ 

X 

CSS 

X 

X 

He 

•rH (D 

JO CU 0 

X 

X 

S3 

X 

X 

He 

0 to 

x c x: 


X 


X 

X 


E 

•>H -P 

0 

CJ 


CJ 

CJ 

Eh 

to 

E 

X 

X 

X 

X 

X 

CJ 

(D rH 

o co c 

p 





X 

JO o 

v-i - O 

o 

a 


a 

Q 

X 

X — ' 

UH X 

0 

X 

M 

X 

X 

HH 


O 0 

X 

X 

X 

X 

X 

a 

tO 0 

no JO c 

0 

X 

X 

X 

X 


•rH cn 

C o -p 






He 

0 

0 V-l r—H 

-p 





He 

to JO 

E 

o 





He 

•rH V-, 

£ 0 Cu JZ 






JZ 0 

O JZ o 

o 






EH cn 

U X -P 

p 




He 

He -K 

He He 

He He He 

He 


He 


X 


to 




P 





to 

p 


0 




0 




X 

•rH 

cu 


C 

C 


a. to 

4H 




-rH 

X 

c 


•rH 

0 


O p 

4H 





X 

•rH 


rP 

0 


u 0 

P 

V-l 



0 





X 


o 

X 

0 

0 


X 

r-H 

0 


P 



x x 


44 

V-l 


p 

rH 

JO 


0 

to 


to >, 

X 

44 

0 


u 

0 

X 


JO 

0 

• 

P 0 

P 

P 

JZ 


0 



u 

X 

JZ 

to 

•m -se: 

CU 

X 

2 

- — - 

X 

X 

V-l 

0 

o 


0 

• 

c 


o 

S3 

0 

0 

0 

4-1 


X 


- E 

•rH 

E 

c 

II 


0 

0 

4H 

to 

0 

V-l 

S3 O 


O 


X 


O-l 

rH 

P 

c 

X 

0 

II P 

o 

V-i 

o 

a 

o 

0 

CJ 

X 

0 

-p 

E 

X X 

Eh 

X 

Eh 

— 

z 

X 

He 

He 

•K 

He 

He 

He He 

He 

-K 

■K 

He 

He 

HC 


Ue: 

z 








z 


z 






CJ 

X 







• 

X 


X 



X 



< 

X 



X 





X 


X 





Eh 

X 

_ 


X 





X 


X 



X 

a 


CO 

CJ 

oo 


a 

Q 




CJ 

Q 

CJ 



X 


w 

X 

tn - 


CD 

z 


m 

X 

X 

z 

X 

X 

X 

S3 

V 


X 

*» 

«. •— 

ro 

w. 

1-4 

CM 


hfc 


CJ 





CJ 

rH 

to 


B 

M 

H 

X Q 

CJ 

X 

a 

X 

X 

Q 

X 


a 

X 

X 

X 

Q 


xxx 
mmhhxXXcsjmX >>xXx>>xX&j 

xx>>zcjz><^oox<xoo><s 
X X Z Z H Q t-3 Z CJ ro £ Z 2 X CJ X ^ ^ ^ 


UJ-D 


Eh 

CJ 

X 

X 

X 

Q 


Horn 

Q Q Q 



• 

-P 



P 

o 

• 


0 

c 

to 


C 


c 


C 

to 

0 


0 

• rH 

E 


U 0 


E 


to c 

• 

O 


o 

cn 

CJ 


X 

0 


He 

ftJ p 

V-i 

0 

He 

•p o 


c 

He 

C 44 

X 

o 


>1 



a 

to to 

44 

to 

z 

c 

l-H 

0 

CJ 

0 0 


4_> 


JO CJ 


p 

He 

-P to 

• 

u 

He 


to 

0 

He 

to -p 

c 

X 


•P -rH 

V-l 

0 



P 



0 - 

-P 

to 

He 

C ts 

0 

C 

He 

•rH 

V-l 

0 

He 

-P to 




p -p 

to 

to 

a 

o 

C 

c 

z 

V-l 

0 

0 

CJ 

JO cn 


CJ 

« 

p 0 

to 

to 


to V_l 

c 


HC 


0 

-p 

He 

to X 

E 

•rH 

HC 

•rH 

E 



-C 44 

O 



Eh i t 

u 

S3 

He * 

He He 

He 

He 


to 

CD 

E 

33 

tO <D 
tO jC 
03 X 

• 

X x CP 
CJ O 0 

•H V-l 

JO P 
£ CD CJ 
- X 

•> u c 

>1 03 -H 
P v-l 
X 03 >, 

c jr no 
a> u 03 
CD 

V-i X U 
CD CO X 
JZ V-i 03 
X M 
O X CO 
C X 
03 CD 
X tO 
10 X C 
•r-l 03 
X £ 

a 03 e 
z .c o 
CJ x CJ 


(Si CN CJ 

CM S3 CJ 

s u coo 

x in CJ x 

rH Q x CO <— < 

ro CJ < Q CM 

X CO X I tn 
a is ta q s 
s ts ta o cs 
a a ta si is 


x 

x 

a a X 

Q CM o 

X X ro CJ CM 
CO CO CM CO CJ 

UUOHCN 
S3 S3 r— I i — I < — I 

a a a a a 
a a a a a 


Q CJ a CJ CJ 

co CJ co CJ CJ 

H < X CJ X 

m 1 n co n co 

H CM X CM CM 

CN CM CM CM CM 

uO CO CQ X «— | 

i — I i — I t — H rH CM 

a a a a a 

a a a tai a 


X 

CJ 





S3 


S3 

S3 



CJ 

X 

CJ 




X 

X 

r-H 

CJ 





SS 


S3 

S3 



CJ 

<53 

CJ 



X 

X 

X 

X 

S3 

< 

SS 



CJ 

X 

X 

< 



X 

X 

X 



X 


X 

S3 

ro 

CM 



CM 

r» 

< 

CM 



X 

LD 

X 



X 

LO 

CM 

rH 

rH 

vo 

VO 

CO 

IT) 

CM 

X 

Q 

< 

ss 

X 

r-H 

Q 

r-H 

X 

X 

X 

Q 

ro 

CO 

CM 

S3 

CO 

CM 

S3 

CJ 

S3 

CJ 

CJ 

VO 

X 

rH 

CJ 

CM 

U1 

uO 

X 

CJ 

CJ 


r- 

< 

CJ 

X 

X 

S3 

ro 

X 

ra 

X 

CJ 

a 

X 

CO 

X 

r- 

X 

< 

a 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

ro 

ro 

ro 

ro 

X 

CO 


■M" 


-M* 

-M* 

•^r 


S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

Si 

X 

X 

X 

X 

X 

X 

X 

X 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

X 

X 

X 

X 

X 

X 

X 

X 


Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box E, Menlo Park, CA 94025 


Page \2 


Number 18 


s 


k 



a. 

•h 

CQ 

* 




4-> 


0 

0 ) 

•H 


rH 

u 

CP 


£> 

03 

•rH 


rd 

X 

XJ 


4J 

4-» 


CP 



0 

1 

c 

4-> 


S3 

•H 

O 

03 



C 

X) 

4-) 

03 



•H 

Vh 


>1 CP 

O 

o 

0 

“H 

z 

z 

z 

Q 

* 

k 

* 

k 


CM 

4-> 

0 

0 i o 

jd 

•k 

>1 W 

00 00 

z z z >• 

k k k k 


a> 

rH 

x> 

rO 

4-> 

13 

0 

x 

cj 

4-J 

0 

22 

k 


E 

O 

u 

4-1 


X 

a: 

a; 

no X 
0 X) 
O <0 
X 

* k 


(P 

S3 

Q - 
Z <p 
U - 


:£ X > X X »< O 


<J - 

" S3 

< - <C 


Z Z < 

•te «. •» 

<C x x >-3 x 


z<jzox>zcjoxcjzxo:zoggx 


k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

-*t 

k 

k 

k 

k 

* 

-*t 

k 

k 

* 

k 

k 

k 

k 

k 

k 

k 

k 

k 

* 

k 

k 

k 


W 

O 

M 

Q 


k 

k 

k 

k 

CM * 

> * * 











X 










• 

c 



XJ 





• 


0 

03 



c 




X to 

e 


X 


• 

4-3 

0 


X3 

. <1> 

X 03 X 

o 

• 

03 

Eh 

X 

03 



C 

(0 X 

-H X C 

V-I 

X 

a 

X 

0 

x: 

*. 


03 

0 ) x 

3: X -H 

X 

V-i 

0 

05 

>« 

4-> 

to 



c 

O 


03 

X 0 


o 


V-i 


03 

-H C 

O t0 Dj CO 

o 

X X 

03 

Vj 

to 

03 


rH 

X -H 

(0 03 

•rH 

X 

• 


X 

03 

4-3 

• 

X 

53 

rH X X 


>,x 0 O 

X 

to 

c 

u 

10 

03 

O 03 

03 CC 

CP 

0 

O X X 

X 

0 

•rH 

03 

V-I 

4-3 

VH V-I 

CJ 

c 

.X 

03 


X 

4-) 

V-l 

03 


03 

rQ 

•H 


a cp 

£ 


CJ 

03 

4-> 

03 

03 

• • 

V-i 

a 

a c 


0 

o 

X 

CJ 

X 

10 03 

• CPX 

X 

o 

O 0 -H 

X 

X 

u 

CJ 

03 

X 

03 £ 

CP 03 03 

to 

V-I 

u x o 

c 




u 


X 

03 05 X 


X 

CP 

0 

X 

03 

X5 

03 

03 

X 4-1 

05 X 

X 


03 o 


O 

X 

03 

X 

(0 

-H 

c 

C 

CO 

X to 

X 

c 

4-) 

> 

CJ 

53 


. 03 

03 

• rH 

0) *H 

r-H 



u 



o x 

• 03 X 

a 


V-i 10 

a 

X 

03 

03 

03 

rH 

0) 

03 10 

a 

X 

0 -H >i 

o 

rH 

V-l 

to 

10 

rH 

03 t0 

X 03 03 

o 

c 

X cx 

X 

D 

0 

03 

03 

•rH 

c 

O CJ X 

CJ 

03 

? CP o 

to 

O 


V-i 

X 

S 

o to 

a 


e 

c 0 



c 


4-3 


•rH 

to o 

03 

e 

O -H 

V-i 

to 

o 

X 


Q 

o 

03 *r4 X 

X 

o 

X v-4 O 

0 



CJ 

4-4 

Z 

x rn x X' 

X 

CJ 

X c 

rH 

X 

03 

03 

o 

u 

03 

■D X v-i 



to to 

X 

CC 

V-i 

03 



Xl rH 

O 0) 

03 


X 

c 

X 

03 


03 

u 

£ x 

0) C X 

u 

o 

C x S 3 

03 

Q 

X 

03 

rH 

O 

3 

X -H U 

0 

II 

•H C II 

X 

CQ 


i — I 

X 


-r'> cs3 

03 03 

X 

X 

o 0 x 



£ no 

03 

Q 


I S5 Vj 


X 

a. a q 

X 

• 

O 

c 

4J 

Z 

>i 03 

C 03 



e 

O 

CP 

vh 

03 


CJ 

03 X 

O 03 x 

o 

X 

X O x 

03 

0 

IX 

X 

03 

Q5 

a e-* 

C X CJ 

X 

X 

Q CJ H 

X 

V-l 

k 

* 

* k 

* 

•K •*« 

* * * 

•*c 

* 

■K -K -X -K 

* 

■•c 


-K 








0 

-k 







X 

C 







0 

0 

O 

■K 






X 

> 

• V-I 

X 

-k 






O 

^ 0 

rH 

-K 






X 

X CO 

o 

Jr 







C 0 








, — , 

03 V-i 

0 

-K 



a 



X 

a 

X 

■k 


t 

o 



u 

a 0 

X 

-k 


a 

1 



* — ‘ 

o X 


•k 


o 

o 




u X 

w 

-k 


i 

z 



0 

*— * 

CO 

-k 


o 

k 



X 

X 

X 

-k 


c 




X 

0 o 

to 

-k 







X 

•H 

-k 


03 




to 

X 0 

X 

•k 






0 

c 

0 

■k 


to 




C 

x O 


•k 


•H 




•rH 

o 

c 

•k 






X 

0 

o 

■k 

■k 

, ^ 




0 

0 X 

•H 

-k 

k 

0 



, — , 

X 

(J 

X 

■k 

k 

O 



X 


C x 

•H 

k 


03 



c 

X 

0 O 

c 

k 


a, 


k 

03 

c: 

rH C • 

•H 

k 

c 

(0 


k 

e 

03 

03 to 

X 

k 

03 

- 


k 

£ 

E 

> X u 

0 

k 

rH 


Eh 


O 

£ 

•rH to 0 

X 

k 

X 

-v; 

X . 

Q 

CJ 

O 

CJ 53 X 


k 


c 

05 


*— * 

CJ 

CP £ U 

X 

k 

k 

03 


k 

, — , 


0 03 

rH 

k 

k 

rH 


k 

X 

CO 

. — . Vj 

o 

k 

k 

X 

X 

k 

u 

•H 

0 X 03 


k 



X 


1 — * 

X 

X CJ X 

X 

k 


< 

Q 


Q 

Eh 

X ■ — ■ CJ 

X 

k 



Z 






k 

k k k 

k k 

CJ k 

k k 

k k 

k 

k k k 

k k 


S3 cm 

(2 S3 

Q P" CP S3 




CJ 


rH 

ro 




m 







Cu 


CP 

CP 

ro 

to 

CM 

rH 

rH 

DO 

CP 

00 

CP 

vo 

CO 

Du 

CP 

DO 

ro 

VO 

rH 

CJ 

CM 

S3 

CJ 

CJ 

CM 

ro 

CQ 

Q 


Q 

Q 

CQ 

CJ 

f"- 

CM 

vo 

VO 

CJ 

CJ 

ro 

•M* 

Up 

00 

CP 

CJ 

DO 

Cij 

S3 

rH 

CO 


LO 

VO 

r- 

co 

CP 

< 

CQ 

rH * 

CJ 

CO 

a 

Q 

Q 

Q 

Q 

Q 

a 

Q 

DO 

CO 

DO 

CO 

DO 

DO 

DO 

CO 

DO 

DO 

DO 

S3 

CD 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

<2 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 



0 0 -P 



0 

W 



X v-l 0 


C 

- 

t/> V-l 

0 

X 0 w 

_ 

o 

X 

0 0 

X 

X 0 


X 

o 

v-l X 

X 

- ^ v-l 



X 

fT3 CJ 


X 



o 

CU <0 

c 

cow 


>|X 

V-I 

£ v-i 

o 

a X -rH 


Cu -H 


O fC 


o 

fu 

o 

0 

O X 

0 

X l/) CM 

>1 

U >1 

X 

O 

c 

X 

a 

a 

X 

X 

■rH 

w c - 

o 

o o 


X X 

X 

•rH * rH * j£ 

(J 

Z CJ 

U) 

to 


o ,<J 

n 

k k 

0 

V-i 

X 

X Oj X 



X 

• • rH 

X 

o ta 











O 

v-l X 

vo 

X 

X 

E 










V-l 

<0 

X 

c 0 

rn 











f 0 

X 0 


E 


O 










0 

CJ X 

X 


X 

C 










W 

X 

CP 

03 

c 












ctJ 

a 


03 

X 










0 

X 

o 

X 


X 









k 

c 

X - u> 

V-l 

X 




Q 



CJ 




k 

•rH 

C -rH 

X 


X 










k 

X 

•H U 

X 


0 

» 

cn 

< 

co 


< 

Q 

a 



D 

X 

X 

• 

w 

X 








Q 

O 

• 

C 


•rH 






X 



Z 

V-l 

O CP 

c 

0 

w 


x 

S 



> 

< 

X 

Eh 

X 

X 

X 0 

CM 

0 

•rH 

X 


O 

5 

cS 

tS3 

o 

Eh 

z 

CO 

Cu 

53 

V-l 


V-i 


c 

L -i 

o 

cc 

2 

CQ 

X 

05 


W 

>1 

0 

CJ 

CP 

CJ 

1 1 






k 


vj CJ 

X 

w 

03 

o 









k 

1/3 

O 

X 


rH 

X 









k 

•rH 

£ 0 


-tr- 

X 











X 

0 X 

X 

Q 


X 










Eh 

E x 

o 

> 

CM 

•H 


G4 






k 

k k 

k 

k k 

k 

k 

k 

k 


CM 



0 



0 


. 

c 



a 

X w 


X -•H 

CM 


•rH 

X 0 


C rH 

W 

v 

rH 

CP c 

V-l 

53 

aj x 



C *H 

0 

O x 

C 0 

k 

X 

(D X 

X 

X x 

•H tO 

k 

o 

X 

CJ 

0 

rH 0 

k 


rH 

ct3 

X c 

V-l 


rH 

0 CO 

V-l 

CJ 

0 

Eh 

• 

C X 

CCJ 

X - 

V-l •- 

X 

x 

•rH O 

X 

ca o 

o o 

O 

CJ 

X EH 

CJ 

z z 

Z Z 

X 

k 

k k 

k 

k k 

k k 

Q 


-nr 

CO 

+ 

z 

X 

CO 

a: 

CJ m* UO 
CQ VO X CJ 

«-«-*-•» CM rH 

QXXQXCZXQXXXXQ 


W (/) H H H > CL Q tNl DC C^ ^ 

o>^»xx>oz:ts3<ozzooy 

^CLJOSSUOQQ^hMXK 


k 

k 

k 

03 

k 

k 

k 

> 

DC 

CO 

CO 

os 

* 

k 

k 


Q 

Z 

X 

X 



CM 

Cl, k k k 




CM 

X 






0 


V-l 

0 


0 



X 


• 

CP 


0 

X 

0 

X 


• 

0 


CP 03 

c 


X 

X 

X 

co 

X 

CP 

> 


0 

0 


u 


X 

o 

o 

0 

VJ 


Vj 10 

X 


cQ 

X 


X 


Vj 

0 

• 

X 

CJ 


Vj 

O 



Vj 


to 

X 

CJ 0 



fO 


w 

to 

0 

CJ 

0 

0 

W 

X 


X 

0 

•rH 

•rH 

rH 


Vj 

w 

X 0 

o 


(J 

c 



X 

X 


0 

•H V-J 

c 



o 

X 

» 

c 

X 

0 

VJ 

\ 



0 


•rH 

CP 

c 0 


X 


J*c . to 

to 


X 

w 


0 

X 


X 

w 

U x 

0 


X 

•rH 

X 

V-l 


• 


•H 

0 0 

o 




X 


0 

Vj 

X 


X w 

X 


w 

X 


X 

X 

0 

o 

CP 

o 



JVC 

•H 


33 

X 

X 


0 

X 

X 


CJ 


• 



U 

0 

X 

X X 

53 


0 

X 

(0 

0 

X 

C 0 

c 

X 

X 

X 


X 

-rH 

Vj 

X 

o 

V-l 

o 


•H 



CJ 


0 

X 


0 


CM 

2 • 

>“1 



0 

X 


w 

X 

c 


X 

0 


0 

0 

CJ 

X 

to 

CJ 

•H 

0 

pH -rH 

■> 

•r— 


c 

to 

CO 

a 

0 


0 

X 

X CP 



•rH 


V-l 

ca 

Vj 

X 

X 

X 

CJ -rH 

0 


X 

o 

CCJ 


X 

0 

c 


x x 

E 


o 

X 

X 

X 

X 

> 

o 


a 

0 


o 


o 

0 

CO 

Vj 

CJ 

w 

0 

to 


V-l 

• 


to 


0 


Vj 

>H 



X 

CP X 


0 

W 

X 

0 

VJ to 

0 


D 

0 

0 

to 

X 

0 

o 

X 

X c 

X 

• 

W 

Vj 

> 

•H 

X 

Vj 

c 

CJ 

C -rH 

X 

CP 



Vj 





0 

0 0 


0 

to 

CJ 

0 

rn X 

X 

to 

Vj 

X 

CP 

Vj 

•rH 


W 

C0 

X 

0 

0 

0 

0 C 

0 


X 

c 

0 

rH 

•rH 

X 

o 

X 

X o 

X 

X 

Eh 

•H 

Vj 

X 

J 

X 

X 

CJ 

Eh CJ 

X 

X 

k 

k 

k 

k 

k 

k 

k 

k k 

k k 

k 

k 



0 





X 





X 




W 

0 




0 

X 


X 


•rH 



c 


Vj 

X 

VJ 

53 


X 

o 

0 

O 


C 


X 

X 


0 

Vj 

u 




X 

0 

X 


X 

X 

Vj 

CJ 


o 

0 

0 

X 




X 

0 

o 


H5 

CJ 

z 

z 

k 

k 

k 

k 

k 


CM 




CQ 

X 



X 

CQ 



CQ 

< 



Eh 

Eh 

CJ 


V. 

H, 


CM 

0 Q 

X 

A 

M 

X > 3 


CC 

CO H H > X X X 
□ >XOS2NZ 
0,ZXZCJXf-3>-H 


> 

Q5 

CO 

CO rH 

Q5 > 



< 

ro 

00 

<P 

CM 

ro 

CP 

P 

f"- 

X 

U r> 

rH 

X 

CJ 

vO 


co 

<p 

< 

CQ 

CJ 

Q 

< 

< 

< 

< 

< 

< 

< 

<C 

S3 

o 

S3 

S3 

S3 

S3 

S3 

S3 

a 

S3 

S3 

S3 

S3 

S3 

S3 

S3 



















CM 




S3 




CJ 

S3 




S3 



S3 







S3 




S3 




CJ 

S3 




csa 



S3 






< 

w 




VO 




S3 

S3 

Cu 



ro 



CP 






S3 

ro 




X 




M“ 

•M* 

S3 



CJ 



X 




CP 

UO 

VO 

r— t 

CP 

X 

ro 

< 

ro 

uo 

uo 

r— ( 

rH 

VO 

CT> 

X 

< 

cn 

m 

CM 

M* 

» t 

i — 1 

(J 

S3 

CM 

r- 

X 

CM 

CJ 

CM 

Q 

CJ 

CM 

X 

S3 

r- 

X 

CJ 

rH 

S3 

CJ 

S3 

CJ 

Q 

CJ 















DO 

Cu 

CM 

ro 


uo 

VO 

r- 

CP 

CJ 

Q 

X 

X 

CM 

X 

X 

S3 

ro 

vo 

X 

CP 

< 

Q 

M* 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

Q 

< 

< 

X 

CQ 

X 

X 

X 

X 

X 

X 

X 

CJ 

CJ 

CJ 

CJ 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

(2 

S3 

Si 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 








<> 

I** - 

Number IB 


/ ^ ^ 

Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box, E, Menlo Park, CA 94025 


Page 13 


4 


s 


* 

* 

■it 


* 

•it 

* 


T3 

C 

<T3 

£ 

s 

o 

u 

0 

to 

rH 

0 


2 

C 

ftt 

E 

£ 

O 

U 

c 

0 

x: 

2 


o c - — . 
2 0 2 
2 G 
4-) 2 
O — 

2 

O 0 
u XJ O 
2 


ra 

E 

e 

o 


0 

xz 

2 


0 

in 


in 


c 

CL) rH 
0 ) 0 
X — 

rH 2 

H O fl) 
id j3 j: 

2 4-) 

_X 

'OUT) 
C -H C 
fO Cu 
E 

E >f ■ — 1 
O H 2 
u E c 
O 

in 2 

•H C 

x: 

E-t h 


ra 

E 

E 

O 

u 


u 

o 

4-> 

fU 

VJ 

<D 

C 

0 

m 


E 

o 

HD 

C 

ra 

u 

rO 

in 


X 

Q 

2 

2 


0 

4-J 

D 

U 

d) 0 


0) 



<u 

o> m 


in 

rH S3 

• 


CN 

rH 


• 1 

ra 

4-J 0 

CU rH 

• 

-H X3 

£ S3 


2 2 

O fN 

<U 

u 

O 



rH VO 

cq 
* l 

0,00 
E vo 

O CQ 
O 


X 

0 

I 

c 

o 


4-J 

D 

CJ 

0) 

X 


E 

o 


o 


2 2 

•* -it 


'ID W 
C 3 
fO ra 
X Eh 

* * 


. lD 
XZ VO 
4-» cn 
fl3 rH 
2 w 
* * 


O 

in 

4-) 

<o 

* 


CN 

VO 

cn 


-C 
4-J 
fC r- 
2 " 

* * 


CU CQ Eh Q * - ® 

HH Q CQ 2 J rH Q <C U 

y; 2 U 2 *> O CN *■ 

UlQ^EHXCQOQ^OSJiJCQn^rH 

■ 3 E Q Q 

JO, W JQ>UH> 
n<2DI<OZC:OXOZU 

KUrjd 


s 

a 

Q 

v 


M 

•K 

-K 


■it 

■K 

•it 


* « * * * * * 


* * * * O 


CQ 

a 

2 

06 


2 

C 

fO 

E 

£ 

O 

a 

0 

in 

rH 

0 


2 

C 

ca 

E 

E 

O 

CJ 

C 

<D 

XZ 

4-) 


CJ 

u 

rO 0 0 
X 2 
in 2 2 


4-J 0 
O 2 
2 =3 
O CJ 
vj <L) 
X 

a) a> 
xz 

4.) C 

0 

in 2 

4-J 40 

in 

o - 

4-J S3 

2 4-J 
C O 
ra c 
E 
E 
O 
u 


in 


a 

o 


in -h 

.C 44 

Eh HH 


****■)<** 


CU 

4-J 

3 

cj 

<u 

X 

cu 

0 

<n 

rH 

cu 


2 2 
G C 
flj ra 
E E 

f= £ 

O O 

u cj 

C QJ 

cu in 

2 rH 
4-J CU 








in 












2 




• 








•H 




• 








cn 



c 

• 

z 




0 



-H 



0 


C 

c 



2 



u 


cn = 

in 

QJ 

0 

ra 

<U 


G 





ra c 

rH 

u in 

-C 

o 

XZ 


CJ 


• 



rH QJ 

2 

Qj -rH 

Eh 


2 

0 

<U 

<u 

CJ 



uh x: 

» 

x: 3 

z 

in 


2 

X 

2 

CJ 

rH 

> ■ 

Ph 


in VJ 


0 

<4H 

D 

<u 

G 

n3 

rH 


w 

2 = 

cu 

•rH (Jj 

CU 

•H 

o 

U 

1 

O 


<a 

rH 

in 

•H 

c x: 

-H 

Vj 


0 

c 

<u 

2 


rH 

0 o 

JX 

•H 2 

-X 

2 

in 

X 

o 

X 

0 

V4 

< 

Eh Q 

2 

2 O 

2 

C 

D 

2 

r — 4 

2 

O 

o 

-K 

-X -* 

•K 

* * 

•* 

0 

c 

-K 

-K 

-K 

•* 

-K 







CO 

Eh E 
CQ E 
2 O 
Eh U 

<U VJ 

2 cu 

4-J XZ 
4J 

o • 

X 

ra Eh <0 
2 J-> 
c 

HH 2 >1 

^ a) in 
CQ 03 
3 

<u 


13 

C 


a, 


cu 

E 

x: <u ra 
Eh X) in 


Q Q 

rH s 2 
Eh U CJ 
<J DC X 


GO 

VO 

+ 

2 

CJ 

CJ 

a; e 

CJ " 

CQ <C 


CN 

VO 

+ 

2 

CJ 

CJ 

oz 

CJ 

CQ cc 


CSJ 


1X4 

a a cx4 

SS SG) 

CJ ^ CJ 


xi n: - ehixcqcxcq 


Q 
C2 S 
- CJ 
CQ <X 


X3 QQ Q Q 

N jMnJ><^^ 


4C 4t -K * * * 


Eh (Xi 
CJ HH 
d LX 
CJ CQ 


Eh 

CJ 


d hJ 

0-1 HH XJ HH X3 

O 04 IN < > < 

0-1 (J O CJ 2 CJ 


Eh 

CQ 

CJ 

Eh 


hJ 

H Eh H J 

> CJ > < 

S OS 5 ! CJ 


U-t 


CJ 

Cl4 


Q 


rH rH rH Ct 4 rH 

(SJ S3 «S> rH G2 

CJ VO S) CJ CN Q 

■ — - r^-. Cx4 in cn 

< Q n m < Q r4 w ^ HJDOj 

u CJ CJ CJ CN CN r- Q CJ vO IN CJ CJ CJ 

QS5CQvor-<cQCJCx4rHCNinvoao 

(^•^N'N'N'N'N'^'N'inininin^ 

^.-(.-(.-HrHrHrHrHrH-HrHrHrHrH 

CSaS5lS)CSJlSJCS3C2CSS'SaC3C2 :S)Q{a 


H Q Q' CJ 

S Q Q CJ 

(N S5 Q CJ 

ip in in no 

CN Q cn lO < 

o 


CJ vn 


CJ 

CJ 

CJ 

no 


in i — i 


cjcjcjcNr'ca 0 ^^ 03 

cncjCx-.cNrovor-cocQCJ 
inininvovovovovovovo 
rH rH rH rH rH rH rH rH rH rH 
qssiqssqQ®® 




rH 

S3 


S3 




S3 



S3 

S3 


S3 




S3 


S3 

2 

S3 

S3 

S3 

2 


S3 

S3 


CQ 

r- 

in 

S3 

in 

2 


(53 

LO 

rH 

2 

< 

Q vo 

Q 

vo 

cn 

VO 

a 

2 

2 

O 

CJ S3 

o 

S3 

O 

•33 

o 

Q 

2 

S3 

CQ 

VO 

CO 

X 

a 

2 


vD 

vO 

r» 

r"> 


r" 

r^ 

r> 

r- 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i — r 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 


u 

<u u 

H C . 
O -rH 
4-J U_| 


c 

•rH 


U -U 
•H 


1 

o 


E 2 
in ra 


- j in 

V4 O •'H 

ra * — -Q 

£ Eh O h 

u a in <u 

0) CJ o 
X) os i <u o 

hh o xz ia 

rH Q 2 HJ V4 

rH 

• H >1 0) C .G 

^ X> *H -H u 

^ * -K * * 


13 4-» 
d> *H 
> 

V4 4J 
0 0 
in cn 

0 14 


W 

rH 

2 

in 

0 


vj 

o 

0 

• rH 


U 



H-H 

u 

c 

0 

C 

» 

XZ 



•rH 

2 

G 

>1 

U 


0 

2 



ra 


in 

2 

0 

2 

>. 


in 

0 


u 

o 

C 

>1 

2 

EH 

rH 


c 

< 

c 

* 

-K 

r-H 


' 


ra 



•rH 

0 

rH 





5 

c 

rH 

% 

CU 





-H 

u 

o 




o* 

(U 

4-J 

a 

o 

<u 

X 

CJ 

4t 


in 

0 

>H 

4t 


<U 

4J 

D 

U 

0 

X 

<u 

1 

C 4J 0 
OH J 
C S3 

a u 

— • -H 0 
O -X X 

2 CQ CJ 

4t -K -K 


UH UH 
. 0 0 
MH 13 13 
0 

13 13 ^ 
rH 0 

13 O C 

rH 

O -X *- 
H X 
o CT3 O 
2^2 


C 

■rH rQ 

c 

0 • H 

U E 

ra 

a in 
in 


x: 

o 

<u 
xz 
E 4-J 
O 

O E 

U -H 

x: 


in 

ra 

D 

c 

•H 

4-1 


Eh 

EC > CJ 

CJ OS CJ 

£h CQ OS CQ 

LO CJH*- 

cj rc dc: a <c < 

j i J 

2 CQ 2 > < 

<X3<<IS3O0S 
CJ MJ Q 2 O 


Q 

Q 

S 

CJ 


a 

O EC 


- 2 Eh 

2-0 
Q Q O Q CJ 

v Z (N0 - 2 OS 

UH Q “ ^ ^ . 

0S2O5:cQO2QCQ 


o 

2 EC 


53 X 


in 0 


c 
ra 
0 

>, E 13 

a 


a - 

o 


o - 
u 



2 D 

U 


0 


• 

U 

O *H 

C 

rH 

r O 

(U 

>y 

1 1 

c 

2 

3 

rH 




•H 

O O 

O 

0 

in 

as 

o 

2 

vj 2 

2 

Eh 

-H 


CQ 

* 


* 

-K 

■K 




rH 2 

o o 

C 

CU 

in in 


V4 4-J 4J 


* * 


• <U 

x: 

in 0 
h m 
ra 
u 


<u 

■K 


XZ 

o 

<u 

2 

2 

U 

c 

ra 

* 


c 

rC 

U U 

in c 
ra CQ 
E 

£ 0 
o 
u 


<u 

c 

•rH 

2 

c 

o 


Ul 

o 

O 44 PS 

•X * ■)< 


X 

o 

Eh 
- 2 
2 O 


S3 


CQ 

Q 
O O 


u 

O 

2 

in 

<u 


x 

2 

2 

Q. <33 

s *■ 

QOQQQOQX 


2 

csj 2 2 2 

2 O 2 < 
HQ 2 D CJ 


X i 3 

nhWhJn2>>< 

-7>3><200^ 

h^2:2S0022:)-h 


0 2 2 

hhXXXhh2hh2c<3 

>20 Eh><> — 5Z 

ZhX X] 2 Oy2 O O 


X 

X X < 

O O Eh 

Q Q IQ 


Q 

O 


IN 

Q 

O 


X 2 

X < 2 2 hh Eh 

CJ Eh < O > 2 

Q IQ O 2 S OS 


ro 

a 

o 


13 13 
0 C 

a ra c 
3 E 05 
O £ U 

H o 

cn cj in 

•H 

0 0 2 
2 c Eh 
O 

c 

ra in • 
a <a in 
cu 

in 13 in 
13 <u 0 
c -n> x: 

rO ra 4-J 

E <u c 

E Vj 0 
O 4-J Vj 





U 

ra • 

X 





2 


• 

0 

Cu 2 

o 





2 


• 

2 2 

0 

Eh 

o 

- 


Q 

Q 


• 

O 

2 2 

2 


- — . 


2 

s 

4l 

• 

O 

o w 

O 

< 

- 


o 

o 

-K 


Vj 2 

0 







■K 

U 

0 

VJ C 

2 




2 



c 

2 Vj 

•rH 

2 

> 

IH 


2 

2 

- 

ra 

E 0 

ra 0 

< 

o 

2 

CN 

< 

2 


E 

E3 XZ 

CU2 

O 


o 

2 

O 

O 

•it 

E 

C 2 








•it 

o 

0 

ra o 







•it 

CJ 

Eh cn 

in 

2 







1 — « 

C O 

Eh 2 

2 







— ' 

< 2 

2 ra 

a 










ST 






•K Ht 

•K -K 

* -it 

•it -it * 

o 







S> 

S3 

rH 

OO 


S3 S3 
S3 S3 
VO vr 
CJ CN 


S3 

S3 

S3 


S3 S3 rH 
S3 S3 S3 
S3 2 OO 2 

in < co r- 


S3 a 
S3 S3 
S3 2 N* 
CN < fN 

2 Q <"N 


a rH S3 

S3 Q S3 

Q (S3 H <3 O' CQ 

<-r> SON IN lO 

fQVOCQXCQVD Q (jQCTiCN 2 X IN 2 CN Q 


2 

2 

H VO 03 

a S3 o 


0200r-X0 2 000rQOS300CJi 

.^^^M^rMn^rvDMDomUQH^invDMxioiuQH 

qqH'tmsjiOQQ^^^Shhhhhhhhhhnnnnnnnnnnn 

222222222S3S3^22^-4rHrHrHrHrHrHrHrHrHrHrHrHrH/— IrHrHrHrHrHrHrHrH 

asQSii2Sia' aQH 'H H, :^^ ;<at r ) sQQssGiQQQQOiasiQiascasi | s 

C3S3S3S3S3S3S3S3S3S3C3S3S3S3S3S3CJCW 


Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box E, Menlo Park, CA 94025 


S3 




S3 

rH 

S3 




S3 

S3 

rH 


cn 


CQ 

S3 

ao 


CN 


in 

CQ 

Q 

cn 

2 

OO 

a 

CQ 

O r- 

2 

o 

o 

O 

S3 

CQ 

N* 

vo 

r-" 

< 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

rH 

rH 

rH 

rH 

rH 

rH 

Si 

S3 

S3 

SJ 

S3 

S3 


Number 18 


Page 14 


/ 




TJ C 


<V 



a) <d 

ft 

40 



40 VH 

U| 

3 



03 vh 

o 

O 



CD O 

40 

CD CD 



Oi O 

(0 

X 40 



a> 

rH 

CD 3 



u (D 

3 

1 o 



— X 

g 

C CD 



JO 

3 

o x 



CD 

O 

Z x 



sz co 

U 

* * 



JO - H 

cO 




CO < 

Ul 



, 

40 

- 



TJ 

03 

40 



C 

<D * 

O 



(CJ 

a to 

X 



g 

CD CD 

o 



g 

Vh g 

Vh 

a 


o 

•H 


z 


o 

a jo 

<D 

CJ 

* 


c 

JZ 

X X 

* 

TJ 

a < 

40 


* 

CD 

g 


X 


4 -> 

g — 

40 

X 

< 

<0 

O TJ 

O 

ts: X 


Q) 

O C 



♦ 

a 

a 

CD 


* 

CD 

(0 g 

3 


•*e 

VH 

•H E 

rH 



l— < 

X o 

03 

< 


< 

Eh O 

> 

a 





z 

* * 

* * 

* * 

+ 

* CJ 


TJ 
0 
U 
O O 
o -*o 
re to 


u 

0 

40 4 -> 

O -H 
03 

Vn 40 


> O Z CJ 
■X -It -X -X 


< 

CO 


33 

CJ 05 
EH CO 
CO Eh 
(J i— i 

X 

x a. 
<c z 
u X 


40 

Vh 

03 

<0 


40 

CD *— 

o 


X 

CD 


o 

0) ,C • 


X 

u 

Qj 

♦ 


VH 40 M 

CD 

X 


CD 

■X 

CD 

ra o 

3 


40 

Vh 

•X 

3 

40 ro 

rH 

T> 

X 



rH 

W OD 

03 

rH 

<D 

O 

X 

ra 

VH U) 

i A 


40 40 

0 3 
cr> CU 
C 

O -r* 

40 

g 

ui o 

CL) U 
C 40 
•H 

40 10 
33 Vh 
O 0 
vn 

JQ g 
3 33 
CO C 


jQ O <D 
g -U -C 
33 J-> 

C C 
O 40 
0) O 
vn T3 
<D < 1 ) Oi 

x: c o 

? VJ o 
33 

O JO *- 
40 0) CO 

Vh 0 
Ul >H 
4-> Ul 

c -h 

■H • 

O 

CU 33 o 

rH (0 

0(13-0 

33 > CO 


40 Vh 
•H O 

cp -O 

■H (tJ O 

TJ rH X 
3 

u e tj 

<D 33 rH 

T3 U O 

VH O 

0 icj o 

1 > 

•rHW (0 

33 O CO 

■X * -X 


Ul 

<TJ 

S C 
O ■'~c 
C X) 
/\ 
<D I 
33 rH 
rH <T3 

<cj e 

> -h 

II o 
X 0) 

x n 
* * 


- rH 40 

jD <1)03 
^ 10 X 

o o 

o “ 0 

40 CO > 
O <D CC3 

X Z ^ w 

-X * -X -X 


CO CO ^ -1 

yj H <s> cn ^ X O 

^ QJ «. *» CN 

rCOXXQ<XZXQCOX 

hOU 3 hWH&(U>>>Q 

x<xxx>zzgoo< 


Q U " < 

*. »» S 3 ** 

03QXQ<“ CO Q 


QQQh>h>Q 

<c<c>oxo< 

qqqZZXZQ 


c 

•H QJ 
r- <0 33 
co cn c 

40 IT3 -rH 
• rH 40 

cr> <d c 

•H 3 O 
X! H U 
«T3 

0 > *• 
Vh || CO 

O o <D 

z x :h 

-X * -X 


JO V-J jo 
3) TJ 
OT) O 
rc 3 

CP rH 40 
•rH C fO * rH 

t: u > 

3 >1 

•* 40 40 u 
O CD 3 3 
2 u Oi (fl 
■X * -X * 


X Eh 
CJ M 
H CJ 
X VH 

CJ Q 


H H H X 

z to to co 


XJ 03 03 J X ^ 

(1 I o OX x X X X XX 
OEH<CH^ZZhU CJ Eh 
C^XUUXOHhXQ Q X 


*-X-X-X*-X-X-X-X-X-X-X 


(S3 rH S3 CN 

tsa <3 s> ca 

S3 UP rH co 

m X 00 cn 

< in Q r-H co Q co 

CJ U U u co u u 

U) <P < O W bj CN 

O Q O Q Q Q W 

rH rH rH rH rH rH r-H 

S 3 ea <s S 3 S 3 <a S 3 


S3 CS rH 

o Q a ^ S3 Q S3 

CJS3S) ® S3Q rH O X 

HQiOHinWUrNjr-^Q^^^^HQOUUuSconOrocoCJ 
(N (J COCN Q CO CQ Q^(OiO(N(NHOJHr' C- 4 UJ >-■ 

LnoscQU^sojfO^r'COcn^UQ^Q^SSaSaaHHHHHH 


X 

Cxj 

X Q 
S 3 Z 
- CJ 
X 05 


VH CU 

> s 

X >3 


M 

o 

4J 

<T3 O 
rH U 0" 


- 

W 

c , 

w 

X 


OJ 

3 (0 

CP 





40 


(CJ 

40 


3 

g 

<p 





- 


e 



O 

3 40 . 

CP 





c 


g 

g 


0 

<DUO 

CP 





o 


o 

o 


X 

40 o 






TJ 


u 

VH 


0 

3 (0 0 

40 








40 


1 

U 3 

•H 





%» 


vh 

\ 


c 

0 40 rH 






Ul 

•x 

<D 

o 

ft 

o 

X 0 (0 

Ul 


o 



O 0 

•X 

40 

40 

>1 

r-jr 
r— < 

X U > 

VH 


z 

tn, 


Z >H 

-X 

U 


rH 

-X 

■X -X -x 

■X 


■X 

UP 


•X -X 


fO 

rH 

CD 






CN 



1 

u 


> 










(0 

Ul 

•H 



VO 



a 



-X 

x: 

OJ 

40 



UP 



o 



•X 

o 

U 

O 



CN 



z 



He 


(0 

CD 



\ 







CD 

Vh 

Dj 



CP 


' 

CP 



rrH 

rH 

40 

to 



CP 



CP 



U 

c 

cp .Q 

CD 


< 

CP 


rH 

CP 


rH 

fa 

C 

• H 

3 

to 

VH 


Eh 

X 

CP 


CO 

Oj 

CP 


X 

cu 

•X 

Ul 

\ VH 


H 

G 

H 

< 

X 

o 

< 

X 

CJ X 

•X 


U) 

o 









He 

CD 

TJ 

-U 


X x 








Vh 

TV 

fO 


co x x 

VH 

Oi 

CO 

VH 

cu 

CS 3 X 

4- 

(0 

03 rH 

to 

X < o 

> 

z 

^2 

> 

s 

z o 

1 



3 

X 

X CJ x 

z 

CJ 


Z 

CJ 

Pp cu 


ra 

tj g 

T3 -XH 

03 U U 
03 a) 

wjQ X) 
CP /V 

cp O I 

CP O >3 
CP CO U 
<0 

40 40 C 
O 53 -H 
Z CU CQ 
■X -X -X 


X S3 < 
•w S3 CN ^ 


a 

o 

O vj 

rH CD 
'U 
CD C 
rQ -H 
•H CO 

> g 

•H (1) 

Q X 

■K -K 


CP CO 
•H JO 
rO -H 
CP 

JO Vh -rH 

c cd •a 

CD T3 
•H Vh CN 
40 O 

O I 
3 -H 3 
OX Ct 
-K -K 4t 


S3 

VO 

4- 

z 

X 

X 

x 

cj a 
x J wo 


CP 

Vh H 

CD 03 
TJ 

u CD 
O U 
O 

* E 

O 

X CN 

* ■* 


Q 
CJ O 


cjx<rHXxxuajCj<n:9-.x<EHX 


CD S 3 

U - 

O 

40 40 
(1) -H 

XI 

CD 

CD OC 
C 03 

O z 

■*c Ht 


«* S 3 PO S 3 *• 

Z Z rH X - X Z 


* 

3 





u 



(N 

Ul 

0 

0 

u 

S 3 

• 

X 

40 

u 


rH 

0 

3 

(0 

40 


1 

U 


•H 

r o 

C 

0 

40 


G 

o 

X 

0 

Ul 

fO 

z 

X 

CJ 

VH 

•* 

■* 

■X 

•X 

-X 


I C 

o 
o *a 

T3 

- CO 
O CD 

z >• 

•K •»£ 


< < 

EH X |H 

Ft") ^ v-J 


E-i X M Q > n >5“ Sno5<Z0<0W>^3ZQ20HN3<00^UZ0U 

SSIq§S"§5^§§joS§SS«IhS^h E «^up,eoq^o-« 


■tt ♦ 


CO XZ B 

l/l U 3 

d> - rH O CO 

O O u X 

PH £ <0 Q 

z 

Ht •* * -»c 4t CJ 


rH 

X H 

X 3 rH 
CJ X X 


Q 

O 

rn 
Eo C4 


S 3 
S 3 
X S 3 

x m 
vo ro 

S 3 CJ 

rO m 
CD CD 
rH H 
C2 CS 


Number 18 


S 3 S 3 ca 

Up r- CJ x CJ 

CO CN CP S3 CP 

CO in QH X UN XQCNrl 
CjXCJXfOXCJmXCJX 

CDCP<QXC 3 rHN‘VOr-< 

CDCOOOOOXCPCPCPCPCPCP 


rH rH CJ rH ^ ^ 3 S3 

• 2 gj § - <1^ 2 S 

cnnScnUtDg^Q^Q^Q^g^rtHQQScN^SSoSo^cNuUU 

( w )<NS3CNr-QQV0CNS3CJN , ‘ lN<0 ' 1 V^hhw — > -r 

fflU0 ^^2^5SS^SSSSSS^SSSSSSSSSSSSoDPQQ 

cpcpcpcp <<C <C << <<< 


S3S3CS3G3S3CS3S3 CS5 S3S3S3S3S3S3S3S3S3S3CSS3CHCH^'- — — 

Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box E, Menlo Park, CA 94025 


Page 15 


v 








<u 














c 


V-i 












o 


O 








• 






4 -J 





4 -> 



O 






ra 





O 



O 


<D 


O 


rH 





<D X) 



to 


C 


to 


3 





N O 





o 


u 


e 





•«H V-l 



4 J 




4 -> 


3 





4 -> 



(/) 


A 


,Q 


o 





a <d 



<D 


A 


3 


u 





ro J 3 



Eh 


< 


CO 


<c 





CQ 4 -> 



■K 


•K 


-k 


■K 





■k -k 











ro 


• 












\ 


P 












, , 


O 


3 










X 


A 


a 










CQ 


O 


z 

2 




CO 


CO 



< 


i-i 


>-H 

O 


Eh 


a, 


2 


< 

Eh 

•k 



X 

o 

•» 

Q 

- 

Q 

- 

a 

— 

Q 

. 1 

■k 

0 ) 




Eh 

S 

+ 

s: 

1 

s: 

<c 


-k 

•k 

-C 


CQ 

CJ 


CJ 

- 

CJ 

— 

CJ 

— 

CJ 

' — 


4 -J 

-k 

X 











Eh 



Eh 











M 

<D 


z 










2 D 

z 

N 

Eh CD Q 



CQ 

Z 

CQ S 

CQ 

z 

CQ 

3 : 

o 

t—i 

•iH 

X O' Z 

CQ 

Q 

X 

X 

X 

x 

Q 

X 

X 

Q 

CQ 


rH 

OS X X 

O 











■k 

•H 




, 









•k 

4 -> 


CQ 











■k 

•rH 


Q 










CO 


c 

Eh Eh 

O 










X 


M 

i — l CO 

CJ 










CQ 



z < 











Eh * 

-k -k 

■k -k 

HH >-J 

Eh 














CJ 














CQ 














a 










< 



Q 

X 










si 



CO 

o 










Si 



CM 











Si 



Si 



rH 


rH 

rH 


rH 


1 — 1 


S3 


C3 

S3 


S3 


S3 


Q 


CT> 

CQ CO 

X 

00 

rH 

v£> 

03 

CO 

in 

m 

CM CO 

CM 

CJ 

■*T 

a 

CJ 

CQ 

s> 

rH 

CO -<3* 

VO 


03 

< 

CJ 

N* 

m 

m 

uo in 

in 

in 

in 

m 

in 

CM 

CM 

CM 

CM CM 

CM 

CM 

CM 

CM 

CM 

S3 

S3 

S3 

S3 S3 

S3 

S3 

S3 

S3 

Si 


S3 

CJ 

UO 

CJ 

S3 

CM 

m 

rH 

CM 

CQ 

m 

CM 

< 

CO 

S3 

S3 

•vT 

S3 

CO 

CM 

CO 

S3 

CJ 

S3 

CJ 

CQ 

CQ 

r—i 

a 

CJ 

CJ 

CJ 

Q 

S3 

S3 

CM 

CM 

CJ 

VO 

CM 

CO 

S3 

r~ 

CO 

S3 

S3 

CQ 

Si 

uo 

UO 

ro 

CO 

rH 

S3 

CM 

CQ 

CQ 

CO 

CM 

CM 

Si 

CM 

r- 

S3 

S3 

l"~ 

S3 

x 

S3 

CM 

CQ 

CO 

UO 

CJ 

CO 

CQ 

S3 

Si 

S3 

r—i 

CO 

S3 

CQ 

S3 

CQ 

m 

CO 

CO 

CQ 

CO 

Q 

CO 

S3 

Si 

vo 

a 

CO 

CM 

rH 

a 

S3 

r- 

uo 

co 

CO 

CJ 

r—i 

CQ 

ro 

CJ 

CJ 

S3 

Si 

S3 

CQ 

S3 

VO 

CO 

S3 

vo 

CM 

Q 

Si 

< 

ro 

S3 

CO 

CQ 

CO 

rH 

CQ 

rH 

rH 

CO 

CO 

CO 

vo 

S3 

CJ 

CJ 

CJ 

Si 

CJ 

r—i 

S3 


CO 

CJ 

CQ 

<c 

CO 

a 

CJ 

rH 

< 

S3 

S3 

X 

S3 

CO 

S3 

S3 

CM 

ro 

CM 

CM 

CO 

rH 

Q 

a 

S3 

CJ 

CM 

CO 

VO 

m 

CJ 

S3 

CM 

CO 

CO 

r—i 

CJ 

Si 

S3 

CJ 

S3 

U 

CJ 

S3 

S3 

CJ 

VO 

S3 

a 

in 

CQ 

CO 

< 

vo 

CO 

< 

CQ 

r-~ 

1 — 1 

Si 

S3 

S3 

CO 

S3 

CJ 

S3 

S3 

CJ 

CQ 

< 

CM 

CJ 

CQ 

r~ 

CJ 

ro 

rH 

CJ 

S3 

CM 

S3 

UO 

rH 

< 

CJ 

< 

CQ 

S3 

a 

r—i 

CM 

S3 

oo 

CQ 

rH 

i — ( 

tQ 

CM 

CQ 

VO 

Q 

CM 

CO 

CJ 

CM 

(Q 

Q 

CJ 

CQ 

CQ 

S3 

CJ 

CQ 

CM 

CM 

VD 

CJ 

S3 

S3 

CJ 

CO 

CM 

S3 

< 

vo 

N* 

m 

S3 

S3 

CQ 

ro 

CO 

<C 

rH 

VO 

r- 

UO 

ro 

CM 

CJ 

CM 

Si 

CJ 

S> 

CM 

CQ 

O 

S3 

Q 

CQ 

r- 

S3 

CJ 

vo 

CQ 

CJ 

CQ 

r—i 

CO 

a 

rH 

Si 

CO 

CM 

CO 

n* 

■M* 

r—i 

< 

IQ 

VO 

S3 

rO 

CO 

CQ 

CQ 

CQ 

a 

CO 

CM 

S3 

m 

CJ 

CJ 

CM 

CM 

S3 


S3 

S3 

S3 

CM 

r- 

r-- 

CQ 

r—i 

X 

rH 

X 

CQ 

S3 

S3 

rH 

< 

CM 

VO 

ro 

VO 

m 

Q 

CQ 

S3 

vo 

ro 

CM 

< 

■'T 

rH 

< 

uo 

CO 

CQ 

CQ 

a 

N' 

CM 

S3 

CJ 

CJ 

r~ 


ro 

CM 

rH 

CM 

rH 

CQ 

X 

CJ 

VO 

r- 

r- 

CO 

Q 

CQ 

S3 

CO 

CM 

CO 

•*3* 

r—i 

Q 

fQ 

S3 

CM 

CQ 

CJ 

U 

CQ 

CQ 

CQ 

ro 

CJ 

n* 

S3 

CJ 

CJ 

CJ 

CM 

S3 

ro 

r—i 

CJ 

S3 

r—i 

X 

S) 

S3 

cr» 

CJ 

CQ 

S3 

S3 

S3 

rH 

m 

CQ 

< 

CO 

vo 

CQ 

uo 

S3 

CO 

r- 

S3 

S3 

CJ 

r~ 

CQ 

S3 

o 

n* 

a 

S3 

CQ 

a 

S3 

CO 

r—i 

X 

CQ 

CJ 

CQ 

r—i 

CQ 

rO 

CO 

X 

m 

r- 

rH 

rH 

ro 

CO 

S3 

CM 

CO 

r—i 

CJ 

S3 

CJ 

S3 

CM 

x 

CQ 

CO 

CO 

< 

< 

i — ( 

CJ 

CM 

Q 

S3 

CJ 

CM 

S3 

S3 

CM 

CQ 

S3 

S3 

S3 

r- 

Q 

VO 

CM 

CO 

CJ 

-tr 

CO 

Si 

VO 

S3 

rH 

CO 

CM 

O 

CO 

S3 

S3 

S3 

CQ 

CQ 

CQ 

CJ 

CJ 

CJ 

S3 

CM 

CO 

CJ 

S3 

r- 

CM 

Si 

CJ 

CM 

CJ 

S3 

rH 

S3 

ro 

CQ 

UO 

CQ 

Si 

S3 

S3 

vo 

Q 

CQ 

r—i 

CM 

S3 

CQ 

CM 

CM 

m 

00 

S3 

vo 

r~ 

CQ 

•T 

■*y 

S3 

S3 

Q 

CJ 

< 

CJ 

CJ 

rH 

CO 

CJ 

CM 

Q 

Q 

UO 

rH 

CO 

CJ 

rH 

r—i 

CO 

VO 

CO 

m 

a 

Si 

CO 

CO 

CM 

CJ 

CJ 

CJ 

CJ 

VO 

CM 

CJ 

!"• 

S3 

CM 

CQ 

CQ 

r- 

CQ 

CJ 

S3 

CQ 


• • 

S3 

• • 

S3 

• • 

S3 

• • 

S3 

• • 

S3 

• • 

S3 

• • 

S3 

• « 

S3 

• • 

S3 

• • 

S3 

• • 

S3 

• • 

CSJ 

• • 

S3 

• • 

S3 

• • 

Si 

• • 

cs> 

• • 

S3 

• • 

Si 

• • 

S3 

S3 

rH 

CM 

CO 


UO 

VO 

r- 

CO 

CO 

< 

CQ 

CJ 

a 

CQ 

IQ 

Si 

» i 

CM 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

Si 

S3 

S3 

S) 

rH 

rH 

rH 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

Si 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 


rH 

CQ 

CO 

S3 

Si 

r- 

<o 

CJ 

< 

UO 

a 

m 

CO 

r—i 

rH 

S3 

O 

rH 


S3 

CQ 

CJ 

CO 

Si 

CM 

CM 

ro 

S3 

CQ 

CJ 

a 

r- 

S3 

CQ 

a 

CQ 

S3 


f) 

, — < 

S3 

CQ 

vo 

CQ 

CO 

rH 

VO 

CJ 

CO 

S3 

S3 

CQ 

CM 

ro 

S3 

Q 


>wT 

UO 

S3 

S3 

CQ 

Si 

CO 

S3 

CM 

a 

r- 

CQ 

S3 

S3 

CQ 

S3 

uo 

CM 

ro 


< 

CM 

S3 

* — 1 

CO 

rH 

CQ 

Q 

-vr 

rH 

rH 

S3 

VO 

< 

ro 

Q 

CM 

IQ 


f) 

m 

UO 

CQ 

<J 

CQ 

S3 

r~ 

ro 

CQ 

CQ 

S3 

r—i 

CJ 

CM 

CJ 

S3 

ro 


1 

CM 

Q 

UO 

Ch 

r—i 

ro 

U 

IQ 

r—i 

rH 

i — ( 

CO 

CO 

CM 

Si 

CO 

s> 

CO 

S3 

Q 

CJ 

CQ 

CQ 

S3 

CM 

•vr 

CM 

Si 

S3 

CM 

CM 

CQ 

CJ 

S3 

CM 

S3 

CJ 

tS3 

ro 

rH 


vo 

UO 

CO 

rH 

VO 

UO 

in 

in 

CO 

S3 

r** 

VO 

ro 

^3* 

rH 

CO 

k— 4 

r- 

Si 

CQ 

S3 

CQ 

CJ 

S3 

CO 

CQ 

CQ 

CQ 

rH 

S3 

CQ 

S3 

a 

CM 

Si 

ro 

<o 

CM 

CJ 

S3 

a 

r—i 

CQ 

CO 

Q 

a 

S3 

CO 

CJ 

CO 

r—i 

r—i 

IQ 

vo 

CJ 

CM 

VO 

CJ 

Si 

CJ 

CQ 

<o 

CJ 

CJ 

CJ 

Si 

CM 

a 

c- 

CQ 

CQ 

r- 

Q 

CS 

CQ 

CM 

CQ 

S3 

uo 

rH 

CM 

r—i 

uo 

m 

r—i 

CO 

a 

r—i 

CM 

r-i 

S3 

rH 

S3 

rH 

CJ 

CO 

in 

CQ 

S3 

CJ 

CQ 

CQ 

CQ 

CQ 

CM 

CJ 

S3 

S3 

CJ 

S3 

•vr 

co 

CQ 

CO 

< 

Q 

CO 

CJ 

a 

r—i 

CO 

S3 

Q 

a 

G3 

CQ 

ro 

S3 

■vr 

1 — 1 

uo 

IQ 

CJ 

CM 

CJ 

CJ 

CO 

S3 

S3 

CJ 

Si 

CJ 

m 

Si 

CQ 

ro 

S3 

CM 

S3 

ro 


rH 

uo 

Si 

Si 

CM 

ro 

CQ 

CO 

S3 

CJ 

-3* 

t—i 

Q 

CM 

ro 

CO 

CD 

f) 

CM 

S3 

CQ 

Si 

Si 

CJ 

CM 

CQ 

CJ 

in 

CJ 

uo 

CO 

CJ 

CJ 

uo 

CM 

CJ 

CO 

uO 

VO 

CJ 

VO 

S3 

a 

r- 

a 

r- 

< 

CJ 

r- 

a 

CO 

CQ 

a 

rH 

Q 

CJ 

CQ 

CQ 

r» 

S3 

UO 

CQ 

vo 

CJ 

r-~ 

CJ 

ro 

vo 

CJ 

CJ 

CM 

CJ 

S3 

CM 

CO 

f 

rH 

CJ 

S3 

ro 

Cu 

1 — 1 

CO 

CO 

CO 

r—i 

r-i 

ro 

ro 

UO 

in 

S3 

r—i 

CM 

S3 

CQ 

CJ 

Si 

CJ 

S3 

S3 

r- 

CM 

CJ 

CM 

Si 

CQ 

CQ 

CQ 

CJ 

ro 

Si 

CQ 

S3 

(Q 

CJ 

S3 

CQ 

CQ 

co 

ro 

<C 

rH 

CM 


rH 

CQ 

CJ 

uo 

CD 

CD 

Ch 

r- 

rH 

CO 

in 

(Q 

CO 

< 

CM 

ro 

CQ 

S3 

CQ 

a 

ro 

r" 

CQ 

CM 

CD 

CO 

ro 

CQ 

< 

a 

VO 

rH 

< 

r—i 

vo 

rH 

CO 

CM 

<o 

CQ 

ro 

ro 

S3 

CQ 

r- 

CJ 

IQ 

CM 

CJ 

S3 

S3 

Q 

S3 

CJ 

Si 

CM 

Q 

rH 

ro 

CQ 

CQ 

S3 

CM 

S3 

fH 

CM 

in 

r—i 

S3 

CJ 


CQ 

r—i 

a 

CO 

CJ 

CQ 

ro 

Si 

CO 

a 

rH 

S3 

S3 

CM 

CQ 

S3 

S3 

CO 

VO 

CQ 

S3 

CO 

CJ 

CQ 

uo 

CQ 

S3 

CJ 

CQ 

S3 

rH 

vo 

CQ 

S3 

CQ 

SI 

CM 

VO 

a 

Q 

CM 

S3 

00 

S3 

ro 

CO 

CQ 


CO 

CO 


vo 

Si 


UO 

CJ 

Q 

CJ 

CQ 

CJ 

Si 

r—i 

CO 

ro 

uo 

Q 

-xT 

m 

Q 

Q 

a 

S3 

< 

a 

CJ 

CJ 

CJ 

CM 

CQ 

r—i 

CQ 

vo 

ro 

CO 

VO 

S3 

■XT 

CJ 

U 

CM 

m 

CJ 

CJ 

CQ 

r- 

CJ 

Q 

CM 

CO 

CO 

a 

ro 

CJ 

S3 

S3 

in 


(S(SlQC3S < S3Sl , SQQStaSlS®<aQ® ( S 

ro.'vrinvor-aocn<:x(JXXXS3rHCMrON , Ln 

j | | , ( r — 4 f—\ r — I rH rH r—i rH t~i i — i rH (N £N (N (N tN (N 

O S3 Si S3 S3 S3 S3 S3 S3 <35 S3 tS SI S3 S3 S3 S3 S3 Si 








T3 





. 






<D 


i-i 









4-) 


CD 





CD 




rO 


x: 




<D 

3 TO 




<D 


4-» 




4-J 

rH C 




a 


o 




to 

ro ro 




a> 



CD 



U 

> £ 




u 

U) 


3 



<D 

£ 





rO 

XI 

rH 

CD 


4-> 

a. o <d 







ro 

4-J 


•r-i 

o u P 




QJ 

CO 

TO • 

> 

3 



CU ro 


~ 


JZ 

<D 

<D X 


U 



Ou v-i 



t 

4 -» 

£ 

rH 03 

4-J 

<D 


CO 

- -r-i <D 



TO 


•rH 

rH -P 

<D 

X 


<D 

O -X P 



C 

4-1 

4J 

ro C 

O 

CQ 


>H 

Z CQ H 



fO 

ro 


U >i 

•k 

■k 


■k 

•k -k -k 



E 

a 

4H 

C/l 








£ 

a o 

CD 








O 

CD 

. 

X) 0 ) 








o 

H 

U 

£ 










CD 

>i ro 









rH 

X) 

ro CO 







■k 

< 1 > 

r—i 

E 

£ 







■k 

4J 

•rH 

3 

<D 







■k 

fO 


C 

os x: 

CQ 



X 




0 ) 



CQ 4-) 

2 

CQ 


CQ 

3 : Q 


u 

a. 

TO 

>i 

E-t 

X) 



Eh 

CQ S 


CD 

<D 

c 

c 

HH 4H 

z 

< 

< 

HH 

CQ CJ 



u 

to 

to • 

o 







g 


£ 

TO 

>1 

J 




v -3 

Eh 

3 


£ 

r-, <1) 

v-l CO 

JJ 

> 

< 

tS3 

CQ PH X 

CQ 

C 

l-l 

o 

TO -H 

4-J V-l 

< 

O 


Z 

O Z Eh 

oz 


<D 

u 

C VIH 

C <D 

CJ 

s 

o 

n> 

(Xi 3 X 


■k 

JD 


03 -rH 

<D rH 







■k 

£ 

in 

E O 

no 







■k 

3 

•H 

F= (D 

CD C 

CO 







G 

x: 

O CQ 

x: <0 

S3 




(Q 



- - 

Eh 

u w 

Eh x: 

a 




CQ 







s 




Eh 

■k 

■k * 

■k -k 

-k 

■k -k -k 

•k -k -k 

CJ 




HH 


CD 

C 

TO 



3 

O 

C 



rH 


03 


CO 

ro 

o 

£ 

PQ 

G 

> 

CP 

£ 

• 

O 



O 

CD 

•rH 

CO 

- Si 

O 

V4 

4-J 

rO 

S3 


O 

CO 

JC 

CO 

D-, 

4-J 

VJ 


4-J - 

•rH 

CO 

CD 

03 

O p 

-X 

CD 

P 

X 

Z H 

CQ 

CQ 

VH 

-k 

-k -k 

■k 

■k 

■k 


X 

X 









CQ 








X 

-k 

X 



rH 


S3 

Q S3 





Q 



CQ 

■k 




Eh 



2 






X 



Eh 

■k 

<c 

XI 

X 

HH 

X 

X 

CJ 

X 



X 

X 

CJ 

X 

X 

M 

X 







X 



X 

X 

X 

X 




X 

> 

< 

X 

CM 

a, 

1 — 1 

X 

M 

Eh 

X 

X 

X 

X 

X 

X 

X 

< 

o 

s 

CJ 

z 

o 

> 

< 

> 

X 

Eh 

ZD 

CD 

<c o 

o 

X 

Eh 

z 

o 

a 

*3 

CQ 

s: 

CJ 



X 

X 

X 

CJ 

X 

X 

•3 



•It 

-*t 

■k 


E-« 

i—t * * * 



CD 

u 


• 




l-i 

CO 


U 




03 

-C 


CD 

C 




U 


X 

•rH 


no 

-C 


CD 

U 



CD 

O 

no 

.G 

rO 

CO 


> 

•H 

CD 

X 

V-l 

CD 


l-i 

-C 

> 


ro 

•rH 


CD 


V-l 

X 

-C 

V-l 


CO 


CD 

o 

O 

X 


CD 


(0 



G 


U 

10 

CD 

• 

CD 

CD 



4 -> 

l-i 

V-l 

JG 



rH 

-r-i 


no 

X 

X 

- 

rH 

On -G 

no 


O 


03 

•rH 

O 

to 

CO 




no 

rO 


CD 

V-i 


4-1 


X 

0 ) 

r-i 

CD 


o 

P 


jC 

no 

A 



a, 


X 

c 

a 


CD 

CD 

• 


ro ’ 

3 


rH 

u 



> 1 -G 

C 


JQ 

X 

no 

XI 




CO 

CD 

a; 


X 

CD 


P 

- — 

> 

no 

co 

JZ 




V-i 

<D 

JD 

X 

• 

03 

CO 

CD 


X 


CD 


V-l 

CO 

o 


CO 

r-i 

CO 

CD 

CD 

rH 

CD 

•rH 

X) 

•rH 

X 

l-i 

rH 

G 


co 


O 


O 

•rH 

CM 

X 

1/3 

03 

O 

‘V-l 

X 

CQ 


•rH 

l-i 

10 


3 

X 

CD 

-C 

-C 

rH 

co 

O 

X 

-C 

Eh 

o 

rO 

•rH 

l-i 

E-t 

X 

■k 

■k 

■k 

■k 

■k -k 

■k 

-k 


C 

o 

■rH 

-U 

cfl 

V-l 


CD 

CD 




CQ 

C 

G 


X 

O 

•rH 

•rH 


V-l 

1 

X 

cn 

no 

o 

O 

CD 

CD 

c 

A 

Z 

Q 

X 

X 

< 

•k 

■k 

•k 

■k 

■k 


a> 

u 

•H 

O 

.c 

u 


e 

o 

a 

c 

<TJ 

os 

« 




Eh 

Eh 

X 

cu 

CJ 

O 

X Q 

X 

X 

X X 

- a - a - 

Q - 

« 

XX- 

3 C Q Z 

z — 

i— I 

Q H (V. 

- CJ - u - 

u - 

Q 

ca> Q - 


X 

s 

X 


X 


X 


X 


X 

a 

Q 

Q 

Q 

Q 

Q 

Q 

X 

a 

S 

a 


x 

CQ 

< 

Eh 



cn 

CJ 

vo 

i — < 

CM 

S3 


t—i 



CN 


Si 


S3 



S3 


S3 


X 



ro 


ro 


X 



(N 


in 


X 

CO 

r- 

CN 

rH 

ro 

ro 

O 

r^- 

X 

CJ 

CQ 

CJ 

X 

r- 

< 

X 

CJ 

X 

S3 

ro 

rH 

rH 

r—i 

r—i 

r—i 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

S3 

S3 

S3 

S3 

S3 

S3 

Si 





CN 



S3 





Si 



S3 





ro 


S3 

ro 

X 




ro 


S3 

in 

X 

CJ 

UO 

X 

CN 

rH 

'O 

X 

VO 

r- 

X 

CN 

U 

X 

Si 

CJ 

S3 

N* 

uo 

VO 

r-" 

< 

X 

X 

S3 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

ro 

CN 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 






S3 



CN 





Si 



S3 





ro 



ro 





uo 



CN 

CTi 

ro 

UO 

m 

X 

rH 

rH 

ro 

CJ 

X 

X 

CJ 

CJ 

CJ 

X 

CJ 

CM 

ro 

T 

m 

VO 

cn 

<c 

X 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CN 

CN 

CN 

(N 

CM 

CN 

CN 

CN 

Si 

S3 

Si 

S3 

S3 

S3 

S3 

S3 



S3 


S3 


r—i 


S3 


S3 



Si 


S3 


S3 


S3 


S3 


S3 

CJ 

N* 

X 

CO 

S3 

cn 

•vr 

X 

N" 

X 

CN 

X 

N' 

X 

CM 

ro 

CM 

CM 

(■" 

CM 

ro 

X 

X 

r—i 

CM 

•C 

uo 

r- 

ao 

< 

X 

X 

ro 

ro 


M* 

N* 

N" 

N* 

•vr 

•'T 

N" 

-vr 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CM 

CM 

CM 

CM 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 


Page 16 


Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box E, Menlo Park, CA 94025 


Number 18 


t 
<S 9 


